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A NORMAL COORDINATE ANALYSIS OP SEVERAL 
ACETYL AND TRIFLLfOROACSTYL nALIDES
by
ALAN DENNIS CORMIER
Normal coordinate analyses of the two series of mole­
cules CX^COZ (X = II, D and Z = PI, D, F, Cl, Br) and CF^COZ 
(Z = H, D, P, Cl) have been performed. The force fields 
used have been of the modified Urey-Bradley type with 
valence interaction force constants added as necessary. 
Appropriate force constants from the CH^COZ series were 
used as a first approximation to the CP^COZ series of mole­
cules, Similarities between the two series of molecules 
were used as a chemical constraint on the force field in 
such a way as to require the force constants to vary only 
in a chemically reasonable manner.
On a limited scale the relative bonding in the two 
series is discussed in light of the trends in the respective 
force fields. The resulting approximate potential energy 
distributions are given and discussed. The Cartesian dis­
placements are also listed.
viii
Chapter I
THEORY AND ITS APPLICATIONS
A. Introduction
The purpose of this work is to study the potential 
functions of several molecules containing the acetyl 
skeleton. The study has many interesting facets to it, 
not the least of which is an elucidation of the trends in 
bond characteristics in a series of molecules.
To the chemist, one of the primary goals in any study 
of molecular structure is an understanding of the bonding 
befcvieen any two component atoms in a molecule. The clas­
sical chemical approach succeeds in a qualitative descrip­
tion of bonding in that it easil;y determines single, 
double, or triple bonds in a molecule, hut does little 
toward a quantitative assessment of the bond.
There are several alternatives in measuring the degree 
of bonding. Perhaps the three most prominent are: thermo­
chemical measurements of bond energy, x-ray determinations 
of equilibrium internuclear separations, and quantum 
mechanical calculations. In any determination of the 
energy needed to break a chemical bond, the molecule under 
study is subject to various rearrangements of its molecular 
fragments and consequently the resulting energy for each 
bond is uncertain. The quantum mechanical approach in­
volves a numerical estimation of the valence electron dis­
tribution in polyatomic molecules. The bond lengths as
1-2
determined by x-ray diffraction methods provide a good 
criterion of bonding, and in particular their relative 
values for different bonds between the same pair of atoms 
are very useful.
Insofar as one is concerned with the normal state of 
the molecule, one of the best representations of its con­
dition is provided by the potential energy function of the 
1
molecule. The potential energy is produced by the forces 
that arise when atoms are displaced from their equilibrium 
position. The force field will also contain interaction 
force constants since as one bond stretches or bends, the 
electronic distribution shifts, thus altering the remaining 
bonds in the molecule.
As a byproduct of the force field determination, one 
obtains the normal coordinates of the molecule. The 
normal coordinates are a description of the motions of 
each of the component atoms of a molecule as that molecule 
undergoes its various modes of vibration. These coor’di- 
nates provide detailed information for studies concerning 
the influences of characteristic group frequencies in 
other molecules. The normal modes are also necessary in 
absolute intensity calculations.
The uniqueness of this study arises from the fact that 
force fields have been fitted to two parallel series of 
closely related molecules, the acetyl compounds (CH^COZ) 
and the trifluoroacetyl compounds (CF^COZ). Many studies 
have been performed on isolated molecules but relatively
1-3
few calculations have appeared on a series of related 
molecules.
Further* along in this chapter, various methods of
finding appropriate force fields are discussed. The
method adopted here involves use of the Urey-Bradley force 
2
field with interaction force constants added. It was 
found by the author and many others that this method is 
the only reliable way to obtain a consistent force field 
in all cases.
Four of the computer programs used in the process are 
adapted from a series of programs originally written by 
J. :-I, Schachtschneider, The two major programs, however, 
are original. Many of the subroutines used have been 
written both in Fortran and In Basic Assembly Language; 
in particular, the diagonalisation subroutines TIROOT and 
■II GEN have been written in B.A.L. These are described and 
listed in Appendix 1B.
B* rJhe Secular Equation
The vibrational frequencies of a nonlinear IT-
atomic molecule are characteristic of at least two features 
of the structure of the molecule: first, the spatial
geometrical distribution of the component atoms and their 
corresponding masses, and second, the force field x-rhich 
serves to restore the molecule to its equilibrium con­
figuration following any distortion.^
To obtain the force field of the molecule one must
1 -1+
necessarily Icnow the geometrical distribution of the atoms 
and their appropriate masses. Internal displacement co­
ordinates define displacements of atoms along bonds or 
angles and completely define the internal configuration of 
a molecule taking no account of rotations or translations. 
If 3I-T-6 internal displacement coordinates, Ih, (i = 1,3N-6), 
are defined, then the potential energy of the molecule can 
be expressed in a Taylor series as
The term VQ defines the arbitrary zero of the energy scale
taken at the equilibrium position and are therefore equal
to zero. If, in the harmonic oscillator approximation,
all of the cubic, quartic, and higher terms are dropped,
"S
then the remaining terms are ) , each of these
d  j 6
corresponding to the force constant of a harmonic oscil­
lator as defined in classical physics.
In solving the equations of motion of any system, the 
expressions for the potential and kinetic energies must 
first be derived. The equations are:
+ (terms of order rP and higher}. B1






where H. and R. are the time derivatives of the coordinates
used earlier. The coefficients M. . are functions of the
3-j
spatial geometrical distributions of the atomic masses. 
Since these are very tedious to calculate, the kinetic 
energy is most often seen as
2T = 5  S o .  .P.P. Blj.
3- 3 x j  i  J ^
where P^ and are the momenta of the vibrations and
is related to I-L ^  by:
Z r  r J 1 fov 1 = lc B 5J ij jk lk ik |q for ± ^ k
In matrix notation, equations B2 - B£ are given as:
2V =*R F R B6
2 T  =  R G P B7
2? = R M A  b6
GM = I . « M G_1
where R> R > and. P are column matrices and R, R ,
and indicate the transposes of R , R , and P  . G  ,
M  and F  are square matrices of order n x n, and | is
the identity matrix.
Since the P. . define the force field and the M. . or 
3- J -*■ J
G., define the kinetic properties of the system, they 
■1* J
together control the frequencies and the modes of the 
normal vibrations.
As was mentioned earlier, normal coordinates are
1 - 6
those coordinates describing the normal modes of vibration,
and thus are made up of appropriate changes in bond lengths
and/or bond angles. The coordinates ih used above are
those coordinates describing all the possible deformations
of the bonds and bond angles as earlier implied, and the
relationship between the normal coordinates Q. and the
J
displacement coordinates ih is given as:“
3n-6 3n-6 3n-6
I  9 , 1  £  L 0 B10
i = 1 1 i=1 j=1 J
where i't. and Q,. arc column matrices and L. . are the con- 
l j i j
stant transformation coefficients. It can be shown that
the L. . can always be chosen in such a way that the ener- 
J
gies in terms of normal coordinates have the folloi'Ting 
diagonal forms:
2v=QLF L Q = Q AO B11
<$L G L 6 = 6l6 B12
Here is a diagonal matrix whose nonzero elements are
= W 2*ok2 , where the "O ^  are the vibrational frequen­
cies. Therefore it is easily seen that:
T g "1 l  = i bw
‘The following discussion vjas taken in part from reference Ij.,
1-7
and
T f l=a  bi*
Solving equation (B13 ) for L  ancl substituting into 
equation (B1L}.), one obtains:
I ' 1 6  F  L  = A  bis
Elis matrix equation represents a set of simultaneous 
equations whose solution defines the L matrix and yields 
a set of calculated vibrational frequency parameters ^ k . 
Writing equation (B15) in long form one gets
£  (pF)^. - f i J A kj L jk = 0 k = 1,2,...,n B16
This, then, leads to one form of the secular equation, 
namely:
| G  F  - I A k | = o B17
For the purpose of this thesis, equation B'l£ is the 
important equation, for if the elements of both the and 
F  matrices were knoifn then the diagonalization of their 
product would result in both the frequencies of vibration 
and the transformation from the internal displacement co­
ordinates to the desired normal coordinates.
G. The Wilson G  F  Method
In the preceding section it i*as established that 
diagonalization of the product of the potential energy
1 - 8
matrix f  and the inverse kinetic energy matrix gave 
the vibrational frequencies associated with the potential 
field.^ Since the frequencies are known experimentally and 
the potential force field is what is being sought, then to 
solve the problem the elements of the inverse kinetic energy 
matrix must be known. Calculation of the individual 
elements is straightforward since they depend only on the 
atomic masses and the equilibrium molecular geometry. A 
simple method to do this using matrix notation was intro-
5 6duced by Wilson and Decius
Wilson's method is to construct the inverse kinetic 
energy matrix G  in terms of internal displacement coordi­
nates according to a series of algorithms which Decius 
derived. The potential energy force field is also set up 
in terms of the same coordinate system and arranged in 
matrix form lending itself readily to modification using 
any symmetry of the molecule. This method is particularly 
siiitable for adaptation to computers since the diagonal- 
isation procedure for the product matrix is of an itera­
tive type.
D. Construction of the G Matrix 
1, Internal Coordinate Space 
Before the actual computation of the G matrix can be 
accomplished, the coordinate space in which it is set must 
be defined. The Wilson treatment is carried out in internal 
coordinate space and to best describe and exemplify this
1-9
space the simple, yet not trivial, molecule formaldehyde is 
appropriate. The following three diagrams completely 
demonstrate the space for formaldehyde:
It is important to note that the symbols R, r, o<, , ^ 3 , 
and &  do not represent the bond lengths and angles as it 
appears, but infinitesimal changes in those bond lengths 
and angles. Thus the coordinates are most descriptively 
named internal displacement coordinates.
Two sets of coordinates are of particular note: the
/3's and tf. If both ^  and are increased simul­
taneously then there must be an accompanying decrease in 
the coordinate. Thus the angle deformations have been 
overdefined and consequently they are related by the re­
dundancy condition ot + //3  ^ +• /^2 ~ ^ coordinate
defines the motion of the oxygen atom bending out of the 
plane of the carbon and tv/o hydrogens. The coordinates 
r.j , rg and are as 3U°h since they re­




There is only one type of internal coordinate which 
does not occur in formaldehyde and this is a torsion ( )
ahout a bond, of one group of atoms relative to another 
group of atoms. An example of this is the torsion of one 
methyl group relative to the other methyl group in ethane.
2. Sample Algorithms 
In the G matrix there are two basic types of elements 
the diagonal elements and the cross terms or off-diagonal 
elements. In the case of formaldehyde the G matrix will 
have the dimensions 7 x  7 since there are seven separate 
internal coordinates. The rows and columns of r^ and r^ 
will be the same as will A  and J32 since again they are 
symetrically equivalent.
A complete set of equations for various G matrix 
elements is listed in Decius's paper . ^elow are a few 
associated with formaldehyde. The elements are doubly 
subscripted to eliminate ambiguities.
Diagonal Terms
°Ha - A  + A  ' A  is the reciprocal of the i^*1 mass. )
GA  ~ A a  + Pco A ,  + ' * Poo
- 2 f H c / V O3<* KC0)> A
where P q q  is "W10 interatomic distance between II and C.
1-11
Cross Terms 
= ^ c o s ^ I I C O )
Gay3j = “ /’ch A 3ln ^ HG0)
- f 00cos(^HC0) - p  cos(*HCH))
-  / >H1 Cc03  ^^ 31I[.^  + t s±n( HGO > sin( HGH)s±n2 (^^31^)
+ cos ( ^ H C O ) cos P CO P(X3)/*G
1 /1 \ ~ Cos(-i(.OCH) - cos(4-HCO)cos(*HCH)
where c o s t l y ) -----------aln (gflco)s'ln(.»ri(ia)-----
gh = -< fci-i1sln(JeL0GKn >C0S(‘^31^)
+ sin(4«0GH2 )cost ^ 3 1 ^) )/4q
The above.listed, elements cover all of the different
types of diagonal and off-diagonal terms in the G matrix
for formaldehyde.
It is obvious that for any system larger than four 
atoms the calculation becomes extremely time comsuming. 
However, Schachtschneider has vrc*itten a series of computer
programs for the 709i| computer in Fortran level G. His
program for calculating the G matrix elements is divided 
up into two major parts: one, the main deck which reads in
the input data comprising the atom numbers for the inter­
nal coordinates, the Cartesian coordinates, and the atomic
1 - 1 2
masses; two, the subroutines which calculate the elements 
before they have been multiplied by the appropriate in­
verse atomic masses. The main deck handles the multipli­
cation with the inverse masses.
The program as X have adapted it to the IBM/36O model 
50 computer, has all of the subroutines intact, but the 
main deck has been completely rei^ritten to suit the facil­
ities at this university as well as the particular problem 
of this thesis. The listing of the program is in Appendix 
1A along with a description of the order and form of the 
input data.
S. Calculation of Cartesian Coordinates
As was mentioned in the previous section, in order to 
calculate the G matrix elements, the Cartesian coordinates 
are necessary since they are used in determining various 
interatomic distances.
The Cartesian coordinates are also useful in another 
sense. Once an arbitrary set of Cartesian coordinates is 
determined for a molecule, the inertial tensor can be 
formed and diagonalized in such a way that the products of 
inertia become zero. The transformation obtained in this 
diagonalization is then subsequently used to transform the 
arbitrary coordinates to the principal Cartesian coordi­
nates which are the natural coordinates of the molecule.
The axes of this coordinate system are referred to as the 
principal axes, and are those axes about which the molecule
1-13
7
rotates in its quantized rotational states. Band shapes
Q
and intensities in an infrared spectrum must be discussed 
in terms of these axes and consequently they are necessary 
in the process of making vibrational assignments.
The molecules of this study have been investigated 
either by x-ray, microwave, or electron diffraction tech­
niques and consequently their structures have been deter­
mined in terms of bond lengths and bond angles. To define 
an arbitrary set of Cartesian coordinates, it is necessary 
and sufficient to have values for bond angles and bond 
lengths as well as appropriate dihedral angles, A di­
hedral angle is the angle between the two planes defined 
by four atoms.
The computer program to calculate the principal Car­
tesian coordinates of a molecule was originally part of 
the Schachtschneider package^ of programs. The algorithms 
used in the calculation have been retained; hoxvever, the 
remaining portion of the program was written as part of 
this work. The program is listed and explained in Appen­
dix 1 A,
of Molecular Symmetry in the Secular Equation 
The molecules in this investigation possess a plane 
of symmetry. Larger molecules with no formal symmetry 
often have an approximate element of symmetry or at least 
isolated groups on them that possess some local symmetry. 
These elements of symmetry either of the molecule as a
I-1i+
whole or for local groups can be exploited by the use of
8  9group theory as applied to the molecular vibrations. ' 7
This use of group theory can enormously reduce the
work involved in calculating the normal modes of vibration.
Perhaps a quotation from chapter five in Wilson et. al.^
can best sum up the uses of molecular symmetry:
...without any other information x*hat- 
soever, the symmetry and geometry of a 
molecular model can be used to determine 
the number of fundamental frequencies, 
their degeneracies, the selection rules 
for the infrared and liaman spectra, the 
degrees of the factors of the secular 
equation, the number of independent con­
stants in the quadratic part of the po­
tential energy function, the splitting 
of overtone levels, the possibility of 
perturbations due to resonance, the na­
ture of the rotational structure of the 
infrared bands, the polarization proper­
ties of the Raman lines, and other use­
ful information.
For this work the most important feature of those 
listed above is the utilization of symmetry properties in 
factoring the secular equation. This process is thorough­
ly described in many books currently available and per-
8 Llhaps most coherently by Cotton and by Wilson et, al.4"
To illustrate the overall process on a simple level, 
the molecule formaldehyde, whose internal coordinates were 
defined earlier, will be carried through to the point of 
factoring its secular equation. It is easily seen that 
formaldehyde has a tifo fold rotation axis C^ and also tx*o 
mutually-perpendicular mirror planes whose junction is the 
C2 axis. The symmetry group to which this belongs is Cgv*
1-15
where the 2 is the highest rotational axis and the v in­
dicates there are two planes of symmetry not normal to the 
rotational axis. The character table for this symmetry 
group is:
C2v E C2 <n. 2 CTyz TranslationsRotations
A1 1 1 1 1 z
2 2 2 
x , y , z
A2 1 1 -1 -1 Rz xy
B1 1 -1 1 -1 X, Ry xz
B2 1 -1 -1 1 y, yz
Table 1-1
The S above is the identity element. Each of the symmetry
species , A^, , and 3^ is an irreducible representation
of the symmetry group ° 2 V  The terns z, Rz, etc. are the
classical translations in the x, y, and z directions and
2
rotations R about the x, y, and z axes. The elements x ,
2 2y , z , xy, xz, and yz are elements of the polarizability 
tensor and indicate that a vibration belonging to a partic­
ular symmetry species is Raman active. Those symmetry 
species containing the translations x, y, and z are the 
infrared active species. Thus we see that fundamental 
vibrations belonging to the A^ symmetry species are not 
observed in the infrared but are observed in the Raman.
The next step is to determine how many fundamental 
vibrations belong to each symmetry species. The cal­
culation makes use of the number of unshifted atoms
1 - 1 6
on the application of each symmetry element, and also the 
character %  per unshifted atom for each of these symmetry 
elements. The first calculation determines the total num­
ber of motions in each symmetry species 1^. including the 
translational and rotational motions. The formula is:
• cart 
n, = (n
I - ,  r .
k '“U 3 A ^ ^ T J S A ^ ^ k ^ ng
where k indicates the symmetry species and n is the total
s
number of elements of the point group. A complete table 
and sample calculation for formaldehyde follow:
°2v




1 1 1 z
2 2 2 
x ,y ,z k 3
A2 1 1 -1
mm | Rz xy
1 0
B1 1 -1
1 -1 *'*V xz 3
1
B2 1 -1 -1
1 t ,hx 72 h 2
^ U S A 3 -1 1 1










(ii) (3) (1 )+(2) (-1 ) (1 )+(2) (1 ) (1 ) Hk) ( D i l l  = u
(k) (3) (1 )+(2)(-1 )(1 ) + (2) (1 ) (-1 )+(k) (1 ) ("I-)- =
k
(k) (3) (1 )+(2)(-1 )(-1 )+(2 )(1)(1 )+(k)(1).(-ll = 3
1-17
1 cart 4
JHrib r0P:resen'*:a'*:^ on °f ^ ie molecular point
group formed by the vibrational modes, expressed as a 
linear combination of the irreducible representations 
(symmetry species) in which the coefficient of each species 
is the number of fundamental modes possessing the indicated 
symmetry. It is found by subtracting from the appropriate 
element in I ^ art rotational and translational degrees
of freedom. The result is I^ib = + 1^ + ^ 2 *  a
of 6 vibrations which agrees with the previously determined 
number (3H-6) = 6, where W is the number of atoms.
What is left to determine is the approximate form of 
each of the vibrations in the three symmetry species. This 
is easily done in terms of symmetry coordinates. The sym­
metry coordinates are linear combinations of the internal 
displacement coordinates. When the internal coordinates 
are operated on by specific symmetry operators belonging to 
the symmetry group of the molecule, they transform either 
into themselves or into other internal coordinates. If 
they transform into themselves blit the displacement vector 
is in the opposite direction then they are referred to as 
transforming into minus themselves. After the transforma­
tion by a particular symmetry element is performed the 
result is multiplied by the appropriate character element 
for the symmetry species being considered. This is done 
for each symmetry element in a given symmetry species and
1-18
the normalized sum is the appropriate symmetry coordinate 
for that symmetry species. For example, if the internal 
coordinate r^ for formaldehyde is operated on by the C2 
symmetry element the,result is r2 since a 180° rotation 
about the C2 axis brings r^ into r2# Likewise reflection 
through the xz plane transforms r-j into r2, i*hile reflection 
in the yz plane transforms r^ into itself, as does the 
identity operator 13, The combinations when multiplied by 
the characters of symmetry species yield:
E
C2 xz yz sum result
A1 r1 r2 r2 r1 N(2r1+2r2 )
A2 r1 r2 -r2 “r1 0 0
B1 r1 “r2 r2 "r1 0 0
B2 r1 ~r2 ~r2 r1 N(2r1-2r2 )
Table 1-3
Thus, one of the two carbon-hydrogen bond stretches be­
longs to the symmetry species and is referred to as the 
"totally symmetric G-H stretch" while the other belongs to 
the species and is called the "antisymmetric C-H 





This approximate description is in reality a new coordinate 
space which is termed symmetry space. Defining the sym­
metry space is an attempt to guess as closely as possible 
the form of the normal modes of vibration of the molecule.
The above combinations of internal coordinates serve 
to factor the secular equation. Below is a diagram demon­
strating the initial and final starting forms of the 
product PG matrix when the internal coordinates are ap­
propriately combined.





obviously the problem has been tremendously simpli 
fied. What was once a matrix containing 28 independent
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elements (^N(N + 1)) has been converted into a series of 3 
independent matrices containing 10 unique elements. The 
next section goes into more detail about the factorization.
G. Transformation from Internal to Symmetry Coordinate Space
1. General Format
In practice the product (FG) matrix is not symmetrized 
but the individual G and F matrices are. Since G and F 
are arrayed in matrix format the procedure is to construct 
a transformation matrix, capable of transforming internal 
coordinate space into symmetry coordinate space. To ac­
complish this it is best to observe the transformation in 
schematic form. For example if the G matrix is in internal 
coordinate space then its rox^s and columns x-rould both be 
labeled x-iith the internal coordinates in a given order.
In matrix notation, the general form for the symmetrization 
of a matrix in internal coordinate space is
U M U = m '
The transformation matrix U above is a matrix x*hose rox^ s 
are labeled x-jith the symmetry coordinates and xtfhose columns 
are labeled x^ith the internal coordinates.
2, Elimination of the Redundant Coordinate 
Looking back at the molecule formaldehyde as an ex­
ample, note that there are seven internal coordinates but 
the system can be "uniquely defined with only six internal 
coordinates. The extra coordinate arises from the fact
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that the coordinates jQ^ , and c( are not all indepen­
dent, since the sum ( A 2 + ) will always equal zero.
It is easily determined that the redundancy condition be­
longs to the A.( symmetry species. If it is included in 
the U matrix and the G or P matrices are symmetrized, then 
the row and column associated with the redundant symmetry 
coordinate will have zeros as their elements, and therefore 
that row and column can be deleted from the matrix, This, 
of course, happens only if the redundancy condition is 
known a priori which is not always the case, e,g, in 
puckered ring molecules. When the redundancy condition is 
not known there is an explicit mathematical procedure for 
determining i t , ^
3. Combined Symmetry Coordinates 
Again referring to the molecule formaldehyde, and 
looking strictly at the symmetry operations of the sym­
metry group C2V we see that there is no symmetry operation 
which will transform either coordinate into the oC co­
ordinate. Strictly speaking according to the symmetry 
rules the totally symmetric 0=C-H deformation should be
+ ^ 2  with no coordinate subtracted. Prom a physi­
cal standpoint, however, that is not realistic since the 
H-C-H angle must decrease when both of the 0=C-H angles 
open up; consequently, the force field must include the 
contributions from each of the s and the oC coordinate 
in making up the potential energy. This carries over into
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many different configurations in different molecules and in 
each, one's chemical and geometric knowledge must override 
the strict formalism in writing those symmetry coordinates 
which best approximate the normal coordinates. Thus it 
often arises that internal coordinates which are not sym­
metrically related are still incorporated into a specific 
symmetry coordinate,
H. The Potential Pinorgy Matrix F
1. Construction in Internal Coordinate Space 
It was stated earlier that the Mils on (IF method is 
based entirely on the harmonic oscillator approximation to 
molecular vibrations. The classical harmonic oscillator 
follows Hooke's law which is
where V is the potential energy, P is the force, x is the 
displacement of the oscillator from its equilibrium posi­
tion, and k is a constant characteristic of the oscillator 
called its force constant. The stiffer the spring, the 
greater is its force constant.
The P matrix is an array of these force constants 
which in the harmonic oscillator approximation completely 
describe the potential field of a molecule. If the order­
ed labels of the P matrix rows and columns are the inter­
nal coordinates, then the diagonal elements of the P matrix 
are the force constants associated with each individual
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internal coordinate, while any off-diagonal element is an 
interaction force constant describing the effect the state 
of one oscillator has on the force constant of the other 
oscillator.
2. Transformation to Symmetry Space
This transformation is identical to that performed on 
the G matrix. The total effect now is that each symmetry 
force constant is made up of linear combinations of the 
internal force constants. The same holds true for any 
interaction force constants, i.e. they are now interactions 
between s7/mmetry oscillators (combined groups of oscil­
lators ).
3. The Urey-Bradley Force Field
The force fields discussed above are simple force 
fields and do not include any contributions from non­
bonded interactions such as van der Viaals forces or electro­
static forces. In many of the molecules treated in this
fashion to date, the simple internal valence force field
2 11has not been as useful as the Urey-Bradley force field, * 
which takes into account the non-bonded interaction forces. 
The Urey-Bradley approach is to determine that portion of 
a valence force constant which is due to non-bonded inter­
actions and xtfhich is due to the bond itself. V/hat makes 
this so desirable is that the portion of the force con­
stant which is associated with the bond has been found in 
very many cases to be transferable between related mole­
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cules. Another outcome of this procedure (which is of con­
venience in some cases and not in others) is the fact that 
the total number of force-field variables has been con­
siderably reduced, since the method uses only the diagonal 
valence force constants and the non-bonded interaction 
force constants, but not the valence interaction force con­
stants.
The potential functions and the appropriate relation­
ships for determining the non-bonded interactions are
quite involved and are given in the original paper by Urey 
2and Bradley . A comprehensive discussion is also given by 
11Shimanouchi , who proposed modifications in the original 
procedure.
I)., Urey-Bradley and Valence Interaction Force Constants 
It is often the case that the Urey-Bradley force 
field alone will not reproduce the observed frequencies to 
within the desired limits. There are various reasons for 
this, perhaps most important of which is the lack of con­
sideration of the valence interaction force constants.
These interaction force constants are the characteristic 
constants for the bend-bend, bend-stretch, and stretch- 
stretch interactions, and are a measure of the electronic 
rearrangements which take place in a bond when a neighboring 
bond is bent or stretched. In most cases where the fre­
quency data cannot be reproduced with a Urey-Bradley force 
field, it becomes necessary to add the appropriate valence
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interaction force constants to the Urey-Bradley force field 
in order to better describe, on an accurate level, the 
harmonic force field of the molecule.
From a chemical standpoint we expect that the inter­
action force constants would all be nonzero, though many 
would be very small.
Th-e Urey-Bradley Z Matrix 
1, General Format
In the previous section the nature of the Urey-Bradley 
force field was explained. In practice, the force field 
must be displayed in matrix form in symmetry coordinate 
space. To form the valence force field from the Urey- 
Bradley force field, the Urey-Bradley 2 matrix is calculated 
and used as a transformation matrix such that
pi 3 = £  zijic  $k
inhere F ^  is the i^*1 row and column element of the F
matrix, is the lc Urey-Bradley force constant, and
^ijk ^ ie elenen^ t*16 three-dimensional transformation 
matrix Z.
The elements of the Z matrix are the factors by which 
the Urey-Bradley force constants must be multiplied in 
order to obtain the proper weighting of that force con­
stant for the valence force constants.
It is a simple matter at this point to add the valence 
interaction force constants directly Into the list of the
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and give the corresponding Z matrix element the value 
of 1.000. The appropriate Z matrix element is the one 
defined by the i ^ 1 row and column of the internal 
(valence) force field.
As implied above, the resulting force field is in in­
ternal coordinate space and consequently must be trans­
formed into symmetry coordinate space. The Z matrix, how­
ever, can itself be transformed in such a way that the 
resulting force field will be in symmetry coordinate space 
upon transformation. The transformation of the Z matrix 
into this form follows:
^ 0  - ? z : -  z '
where U is the internal-coordinate to symmetry-coordinate 
transfomation already defined, and Z 1 is the symmetrized 
Z matrix.
2. Molecular Configurations 
In the Schachtschneider package UBZM Is a program to 
calculate the Z matrix elements, as defined by Urey and 
Bradley and modified by Shimanouchi. The calculation is 






The gem and tetra configurations were worked out by Urey 
and Bradley xvhile the cis configuration was added by 
Shinanouchi, The contributions to the Z matrix from each
J, Methods of Determining the Force Field
1. General Discussion 
There are several approaches for determining the force 
field of a molecule. All of the methods involve mathe­
matically reproducing some experimentally obtained data 
which depend on the force field. The earliest works on 
the simplest molecules relied totally on the assigned 
vibrational frequencies. Other data, such as Coriolis 
coupling coefficients, centrifugal distortion constants, 
and mean square amplitudes of vibration have been used in 
more recent studies. Unfortunately these last forms of ex­
perimental data are rarely available.
Since there are in general many more force constants 
to be determined than experimental data available, other 
methods for determining the correct force field must be
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1 2used. Recently Redington and Aljibury have shown a 
possible method in noting that the correct force fields 
of sraall molecules for which ample experimental data were 
available were obtained when the diagonal valence force 
constants were given their maximum values consistent with 
reproduction of the vibrational frequencies. Unfortunately 
the difficulty of this parameterization of the force field 
increases rapidly with the size of the molecule, Bruns 
and Person"^ and also Levin and coworlcers^ have exploited 
intensity data using CNDO/2 methods to calculate predicted 
infrared intensities for a given force field and compare 
them with the experimental results. Again this method is 
difficult for all but the simplest molecules.
A more chemical approach was undertaken by Schacht- 
schneider on the paraffins ^ where the potential functions 
of a series of closely related molecules were studied and 
the chemical similarity of the molecules used as an addi­
tional constraint on the force field. This approach is of 
interest to the chemist in that the resulting set of force 
fields can not only be readily transferred to other similar 
molecules but, more important, they can easily be vised for 
a chemical interpretation of the molecules and their 
bonding effects.
Implicit in the above discussion is the fact that 
there is an infinite number of possible force fields which 
will reproduce the frequency data, and that the real prob­
lem is to select the one which best represents the force
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field of the molecule.
In practice once one force field has been found which 
will reproduce the frequency data, then many of the others 
are readily found by perturbing one of the force constants 
and adjusting all others to refit the frequencies. Finding 
the first force field however may (and usually does) turn 
out to be quite difficult. There are several reasons for 
this difficulty,but two major areas can be outlined. First 
of all from a mathematical standpoint, in working either 
with a general valence force field or with a Urey-Bradley 
force field the tendency is to keep the number of variables 
small. In line with this tendency is the practice of ar­
bitrarily setting all or most all valence interaction force 
constants to zero, with the reasoning that they are most 
likely to be small in absolute value anyway. The under­
lying assumption is that if the interaction force constant 
is small then its influence on the calculated vibrational 
frequencies will be small also. This assumption is fre­
quently invalid, as was found in the course of the current 
study. Indeed, it will be seen that very small values and 
changes in values of interaction force constants often 
have a profound effect on the calculated frequencies, as 
well as on the potential energy distribution. If the 
interaction force constants are required to be zero then 
in many cases a satisfactory reproduction of the vibra­
tional frequencies cannot be achieved, since for some 
interaction force constants the set of all possible values
1 - 3 0
for frequency reproduction may not include the value of 
zero. Thus it may he necessary to undertake a complete 
study of the interaction force constants of a particular 
molecule in order to find even one force field which will 
satisfactorily reproduce the experimental data.
The second area of difficulty can be subdivided into 
two sections. The first section is the consideration of 
anharraonicity in the potential function. If a particular 
vibration is not closely approximated by a harmonic func­
tion then the observed frequency may be quite different 
from the theoretically predicted frequency using the best 
harmonic force constants. The extent of this difference 
has been shown in the past to be on the order to 2 to 3 
per cent of the observed frequency. This display of an- 
harmonic behavior is greatest for large amplitude vibra­
tions, such as those involving motion of light atoms like 
hydrogen. The percentage difference can be even greater 
for vibrations of loosely-bound light atoms such as alde- 
hydio hydrogens. The second section is the case whore a 
molecule exhibits nonrigid behavior. A nonrigid vibration 
is one in which a normal mode of vibration involves motion 
described by symmetry coordinates from two different sym­
metry species. Since the method used in most normal co­
ordinate treatments does not allow for interactions between 
symmetry species then any normal mode involving nonrigid 
motion may be difficult to reproduce.
The problem at hand then is to determine at least one
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force field of the molecule in question which will re­
produce the vibrational frequency data while keeping the 
above mentioned problems in mind.
2. The Iterative Process 
The iterative process is a technique, used in many 
fields of science, which employs successive approximations 
to a final answer, where each consecutive approximation is 
based on the results of the previous approximation. Figure 
1-k is a schematic diagram of the iterative process as ap­
plied to determining a force field of a molecule. It is 
easily seen that the entire system hinges on formation and 
use of the J (Jacobian) matrix. Before describing the iter­
ative loop in detail it is beneficial to derive the formula­
tion of the procedure and thus define the nature of the J 
matrix." Let n be the number of experimental fundamentals 
*»°. The i ^ 1 member of this set is labeled . Further­
more the problem involves a set of m  independent force con-
lcstants (n ^ n )  whose j member is termed f j where the 
superscript k indicates the stage of approximation and may 
therefore take on the values 1, 2, 3» .... Tfre fundamentals 
calculated from the k set of force constants are labeled 
The differences between the (k+1 and (k)^1 set of 
calculated frequencies is given by
^The following discussion x*as taken in part from reference 16.
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A *'°ik = "°ik+1 " J1
A similar expression holds for the change in force con­
stants ,
A f . k = fjk+1 - fjk J2
The assumption governing these two expressions is that the 
adjustments to be made are in the nature of refinements, 
so the magnitudes of the A f ,  are small, leading to small
«J
changes in the calculated frequencies. If this assumption 
does not hold, then a better guess at the force constants 
must be made.
A variance S is defined by:
Sk - + A V ±k - "l^0 )2 J3
where the are appropriately chosen weighting factors.
In matrix notation equation J3 becomes
Sk = [V* + AV*C - V°J wjv1' + a /  - V°| Jlj.
where the quantity ly1* + a v 5* - v°] is a column matrix, 
and its primed counterpart is the transpose and thus a row 
matrix, and W is a diagonal matrix. A relationship be­
tween A  and A  fk is
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If




then is a Jacobian matrix of dimension n x m. Substi­
tuting J6 into J5> and the result into Jlj. we obtain
sk = jv1* -  v°J w ly^ -  v°| + 2 |vk -  v°] wjk [^ f^ ]
+ |if^| J7
Taking the partial of Sk with respect to Af^,
= 2 ^  WJ^ + 2 [iif^ ] j ’^ j k
Then upon setting
4 Sf  ' gr = °< and P *  - V 1 = xk-
d P j  L J
it follows that
[ > ]  = ( J ,kV/ [x^ | . J1 0
If in equation J3 the term were dropped and the deri­
vation similarly carried out, the resulting equation would 
take on the form
[lf^| = (j ' V ) " 1 j'k |x^J jii
similar to equation J10. This would be used if a vreighting 
matrix was not desired.
It is evident from equation J6 that ideally the ele­
ments of the J matrix would be the infinitesimal changes in 
the calculated frequencies for a corresponding Infinitesimal
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change in a particular force constant. Since these elements 
are not known, the folloxving equation is used as an approx­
imation,
tional problem is taken as 0.01 millidynes/A.
Equation J10 or J11 is the key equation in the itera­
tive loop, and to utilize this equation the J matrix must 
be computed and the X matrix formed from the differences 
between the calculated and observed frequencies.
There is one major assumption concerning the use of 
the J matrix in the iterative loop and this is that the 
elements of the J matrix change in a linear fashion over a 
relatively large range of changes in the force constants. 
For some force constants this assumption will hold, while 
for others it may be quite incorrect. In order to make the 
changes more nearly linear, the following alterations can 
be made:
These two new definitions tend to damp out much of the 
nonlinearity inherent in the calculations.
With the J matrix defined, the iterative loop can be 
elucidated. As stated in the schematic, the symmetrized F
where Af_- is quite small and in the case of the vibra'
J12
J i o e i v ^ ) _ A l o g ( V ^ ) J13
Xk = log(V±k ) - log(V°). Jllj.
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matrix is first constructed using the Urey-Bradley force
field and the appropriate transformation matrix Z, then
the eigenvalues and eigenvectors of the product M3- are
formed. The loop is then entered, the J matrix computed
—  1and the matrix (JJ) J is formed by simple matrix trans­
position, multiplication, and inversion. The difference 
matrix X is formed and the absolute value of its elements 
compared to a set of maximum-difference values previously 
selectod. If the absolute value of each element of the X 
matrix is less than its corresponding maximum-difference 
value, then the iterative looping is discontinued and the 
best-fit force field has been found; otherwise the looping 
is continued. At this point the new changes in the Urey- 
Bradley force constants are formed as shown and then
damped in such a way that the decimal point is moved one 
place to the left in a stepwise procedure for all elements 
of the A ^  matrix until all elements are less than 0,1 
millidyne s /L A new set of Urey-Bradley force constants 
is formed by adding each element of the A ^  matrix to 
the corresponding element in . Then a new symmetry 
force field is constructed and the eigenvalues and eigen­
vectors are developed. The loop is started again after a 
check to see if the number of passes through the loop has 
exceeded the maximum number of passes previously set.
When the loop is terminated either by homing in on the 
best-fit force field or by exceeding the maximum number of 
cycles through the loop, then the best set of force con-
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stants and their associated calculated frequencies are 
printed, along with the L matrix and potential energy dis­
tribution.
There are several limitations associated with the 
iterative procedure, the three most prominent of which will 
be discussed below. Perhaps the single most important 
problem arises from the nonlinearity of the changes making 
up the J matrix. This is the reason for an iterative solu­
tion in the first place, since if all of the changes were 
completely linear then the final value of the force con­
stants could be solved for directly. If the elements of 
the J matrix are sufficiently nonlinear, oscillations about 
the solution will occur. It may turn out that there is no 
real set of force constants which reproduce the frequencies. 
To alleviate this problem, interaction force constants must 
be added to the Urey-Bradley force field. This leads to 
the second major limitation, which is the fact that in 
virtually all but the most simple molecules, there will be 
more force constants than frequencies and consequently one 
mtist decide which subset of the force constants to use in 
the Jacobian. Through multiple regression techniques ? 
the most important force constants can be found; however, 
that does not eliminate the problem since the simul­
taneous adjustment of more force constants than one has 
frequencies may be required. The last of the major limita­
tions is concerned with the vibrational assignment of the 
molecule. Assuming the vibrational assignment is firmly
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made with all of the necessary experimental evidence, then 
the resulting potential energy distribution should, to a 
reasonable degree, reflect that assignment through the 
proper weighting of the appropriate symmetry coordinates.
If, however, for the initial calculation of the vibrational 
frequencies the initial force field has transposed two or 
more of the ordered set of calculated frequencies as com­
pared to the assigned experimental frequencies, then the 
resulting iterative attempt at solving for a final force 
field will be invalid.
The combination of the three of these limitations has 
led to the following aid in homing in on the final force 
field.
3, The Significance Matrix 
This matrix is very similar to the J matrix except 
for two points. First, the elements are the changes in 
wave numbers of the calculated frequencies for a change of 
0.01 millidynes /A in the force constants, and not the change 
in the log of the frequencies. Second, this matrix is over 
all of the Urey-Bradley force constants as well as all added 
non-Urey-Bradley valence-interaction force constants.
The purpose in constructing this matrix is to allow 
the overall visual inspection by the researcher of the 
effects on all frequencies from changes in all of the force 
constants. This proves to be particularly useful when rela­
tively large changes in some few individual frequencies 
appear to be necessary. If one frequency must be either
1-39
decreased or increased by a large amount while all other 
frequencies are held more or less constant, then the ap­
propriate combination of force constants to do the task 
can be selected by inspection of the significance matrix.
In the present work the significance matrix has proved to
be indispensable,
k-» ffiie Potential Snergy Distribution (P, E. D. )"
The potential energy in matrix notation is
sv = R F R J1s
m *
where R and R are column and row vectors of internal
coordinates. This can be rewritten as
m u m *
2V = Q L F L Q  J16
since
R = L Q  J17
where L is the normal coordinate to internal coordinate 
transformation and is the normal coordinate vector.
The potential function can be written in an alternate 
manner as
2V = Q A Q  J18
'‘The following discussion was taken in part from reference 17.
i-4o
where /V is a diagonal matrix of vibrational frequency 
parameters. Appropriate combination of equations J18 and 
J16 leads to
A L F L J19
If this is written for one normal vibration whose frequen­
cy parameter is X n » we have
X  = 2 l  = i  P. .1. 1. J20A n y y  ni ij jn f f  lj m  jn




V(Q) - J2 '
The value of is usually large when i = j.
2
Therefore, the are raost important in determining
the distribution of the potential energy. Thus the terms 
2
■^ii^in Prov^^e a measure of the relative contribution of
each internal coordinate (or symmetry coordinate) to a
2
particular normal coordinate. If any is large
compared with the others, the vibration is assigned to the
2 2
mode associated with R^. If F ^ l ^  and 211,6
large compared to the others then the vibration is assigned
to a mode associated with both R. and R. and is thus best
i J
described as a coupled vibration.
To obtain the final form of the potential energy dis­
tribution matrix,each column of the L matrix is divided by 
the appropriate eigenvalue of the product FG matrix. The
P,S,D, matrix then is computed according to the following 
equation:
The P,E,D, is necessary in the overall process of the force 
field determination, as described in earlier sections,
K, Transformation From Normal Coordinates to Cartesian
When the secular equation is solved for its eigen­
values and eigenvectors a complete description of the nor­
mal coordinates in terms of symmetry coordinates is ob­
tained, However, when significant portions of a normal 
coordinate are made up of two or more complex symmetry 
coordinates then the corresponding motions of the atoms in 
the molecule may not be immediately obvious, A clearer 
description is obtained if the normal modes are transformed 
to a coordinate system which shows the displacement of each 
atom in Cartesian coordinates. These new sets of co­
ordinates, termed Cartesian displacement coordinates, can 
now be plotted in such a way as to give two-dimensional 
projections of the molecule experiencing its various normal 
modes of vibration.
The transformation from Cartesian displacement co­
ordinates X to internal coordinates R is readily written as
J22
Displacement Coordinates^ ^  ^
R B X K1
where B is the transformation matrix (this matrix has no 
inverse since it is not square). In the construction of 
the Wilson G matrix described in an earlier section, the 
simplest process is first to construct the transformation 
from Cartesian space to internal-coordinate space, namely 
the matrix B above, and then apply it in the following 
fashion:
BM-1 B= G K2
where M - 1 is a diagonal matrix of the inverse masses of 
each atom (taken once for each of the three Cartesian co­
ordinates per atom). The B matrix is in fact first formed
in the programs used to calculate the G matrix.
A transformation matrix from internal-coordinate space 
to Cartesian-coordinate space can be written, e.g.
X A R  k3
where the matrix A  is the transformation matrix. The 
relationship between the two transformation matrices 
and B  is easily shown to be
®  ^  = ^ 3N-6 ^
where I is the identity matrix. If in equation K2 the G 
matrix on the right side of the equation is transposed to 
the left the following equation is obtained,
I-t3
Combining equations ICtj. and K5,the desired relationship be­
tween A and B is obtained:
A=M'BG-1 k6
Since in a previous section it was shown that
R  = U  L  Q  K?
then it is easily seen that
X = AU LQ [M BG ULjQ K8
where the resulting matrix in brackets is the final desired 
transformation matrix.
L. The Chemical Significance of the Resulting Force Field 
A good approximation to the potential energy for di- 
atomic molecules is the Horse potential ,
v = ds £ - J| L1
where D is the dissociation energy, and a is a constant 
6
characteristic of the bond. Under the assumption of small 




k = 2D a2 L3e
Thus if the constant (a) does not change much over a series
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similar bonds then the force constant will be nearly pro­
portional to the dissociation energy, i.e. the bond becomes 
stronger as the force constant becomes larger. It should 
be noted, however, that a general theoretical relationship 
between the dissociation energy and the force constant is 
difficult to derive even for a diatomic molecule, since the 
quantum-mechanical expression for the potential function in­
volves a Coulomb integral, an exchange integral, and an 
overlap integral, and thus calculation of k from the second
derivative of the potential evaluated at the equilibrium
1 7separation is not simple. ‘
The force constant is a measure of the curvature of 
the potential well near the equilibrium position, whereas 
the dissociation energy is given by the depth of the 
potential energy curve. Thus a large force constant means 
a sharp curvature of the potential well near the bottom but 
does not necessarily indicate a deep potential well.
Usually, however, a larger force constant is an indication 
of a stronger bond in a series of molecules belonging to 
the same type.
Keeping the above approximations in mind, the Urey- 
Bradley force constants are easily interpretable in the 
two series of molecules studied in this work as are the 
van der VJaals nonbonded force constants. The interaction 
force constants are to be interpreted from two aspects: 
magnitude and sign. The magnitude of the interaction force 
constants, when compared both with other interaction force
constants and with the valence force constant,will el- 
lucidate the extent to which the electrons in one bond 
interact with other adjacent bonds when these bonds bend 
or stretch. While the magnitude indicates the quantitative 
nature of the interaction the sign determines the qualitative 
nature of the interaction. For instance, as one bond 
stretches (or bends), near-by bonds will either lose 
electron density to the bond in question (a negative sign 
for the interaction) or will gain electron density (a 
positive sign). In conclusion then it is seen that these 
interaction force constants can be of tremendous use in 
determining the effect one bond has on its neighbors.
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Chapter II
SYSTEMS USED IN THIS STUDY
A. General Parameters for the Series CX^COZ
1 . Internal Valence Coordinate Definitions 
Internal valence coordinates were defined in the first 
chapter in terms of changes in bond lengths and angles* 
Since all of the molecules of this work have the same 
skeletal structure, only one general set of internal co­
ordinates need be described. Figure 2-1 schematically 
shows all of the internal coordinates of the CX^COZ struc­
ture with the exception of the oxygen out-of-plane wag and
the CX^ torsion.
Diagram 2-1A shows the bond stretching coordinates.
In the diagram the coordinate of the planar C-X bond is 
distinguished from the two out-of-plane C-X bonds by a 
prime. The reason for this is that the molecules are best 
treated as having only a plane of symmetry and not as 
having a threefold rotational axis on one end while the 
other end has a plane of symmetry. The lack of a local
threefold rotational axis for the CX^COZ structure was
20first assumed by Schachtschneider in his work on acetal-
dehyde and further substantiated by a complete microi'iave
21analysis of acetyl fluoride, where the in-plane rl-C-C 
angle was found to be significantly different from the two 
out-of-plane angles.













ordinates. The in-plane angle-bending coordinates are 
distinguished from the out-of-plane coordinates for the 
same reasons as in the case of the bond stretches.
Table 2-1 is a listing of all of the internal coordi­
nates and a brief description of each. The list contains 
the torsion and the out-of-plane wag coordinates. This 
last coordinate requires a further explanation. There are 
two possible ways of defining the out-of-plane wag coordi­
nate: the oxygen atom lifting out of the plane of the
molecule, or the Z atom lifting out. The lighter of the 
two atoms will be the one to experience the greater part 
of the motion making up the normal vibration. Consequently 
when Z is a hydrogen or deuterium atom the wag is defined 
in terras of the II atom bending out of the plane, whereas 
when Z represents either P, Cl, or Br, it is defined in 
terms of the oxygen atom bending out of the plane,
2. Atomic Masses of the Atoms in the CX^COZ Series
22Table 2-2 lists the masses for all atoms pertinent 
to this study, The masses used are those of the most 
stable isotopes with the exception of chlorine and bromine, 
which have significant contributions from two stable iso­













^ o c z  ’
^ occ '
^ZCC '
t f  -
r -
Description 
A r  for C-C bond 
A r  for C—0 bond 
A r  for C-Z bond 
A r  for in-plane C-X bond 
A r  for out-of-plane CX bond 
A r  for out-of-plane CX bond 
A  cC for unique XCX angle 
A  o( for out-of-plane XCX angle 
A  el for out-of-plane XCX angle 
A  Jfr for unique CCX angle 
A  for out-of-plane CCX angle 
A  for out-of-plane CCX angle 
A  ©  for OCZ angle 
A  <^for OCC angle 





















3. Urey-Bradley Configurations of CX C0Z
There are three types of subconfigurations that the 
Urey-Bradley process utilizes in calculating the contribu­
tion each non-bonded interaction force constant makes to 
the i^otential function. To best understand the origin of 
the elements of the Urey-Bradley transformation matrix Z, 
the simplest of the three subconfigurations is considered." 
The following diagram shows the labeled configuration,
14
where r^, r^, and ar0 tlle three internal coordinates
and is the distance between atoms i and j. The poten­
tial energy in the Urey-Bradley approximation is
'fThe following discussion was taken in part from reference 3»
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The
2V = Z ^ ^ l A P j . )  + k . t A ^ ) 2]  +
2HiJrx*rx + Hi J (rx A < < i j )2 +
2Ii 3qi j < A V  + V A q i;i)2 A1
linear terms are included since A r ^ ,  A r^, A ot 
and A Q * x  are not independent. The scaling parameter r
1 j A
is taken to be 1,0; it and the are inserted into the
potential function to make all of the force constants
2
diraensionally similar. The terms Aq.. and -• are
^ j J
removed by expanding Aq^j in a Taylor series about Ar^» 
Ar^, andAoi^j. Using the relation
q± j2 = rj2 + r 32 -
we obtain
qi j  = Si j A r i  + Sj i A r j + ( t i j t j i )iir,i j (A<,‘ i j ) +
[ ^ / ( A r ^ 2 + t j.i2 ( A r j)2 - S± .2 { A  K ± ^ ) -
2ti j t <5i( A r i H A r j ) + 2 tiJ Sj i r j ( A r i )(A o < i j ) +
2 t j i Si j r i ( A l i ) (A o t i j * )  2qiJ  A2
where
ri ] = (i,ir j)!s
si j  = ( r i  -  r j oos,,<i3 )/q i j
sJi = irS - V 503* ! # ! !
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t1} = r 5s i n ^ ij/q1J
t j± = P1s i n « lj/q1 j
Equation A2 is then substituted into equation A1 to
t
give the contribution of the force constants and 
It is important to note that the terms A  r^, A  and 
AoC^j in equation A1 are independent and can be set equal 
to zero (which corresponds to setting the potential energy 
equal to zero in the equilibrium configuration). Table 




The contributions to the Z matrix from the remaining 
two subconfigurations are listed in references 3» 16> and
i
18. The two repulsive force constants F.j and F ^  arise 
from the quadratic and linear terms, respectively, in the
16 23 p/ji
potential function. It was noted by Shimanouchi * 
that
II-8
p' = -F/(n + 1 ) n = 9, 10, or 12 A3
i
This relationship means that P is far smaller than P and 
that the approximation
F 1 = -0.1P AJ|
will not lead to serious errors in the calculation of the 
force constants. Approximation Alj. has subsequently been 
widely adopted in normal coordinate analyses, and is used 
in the present work.
The subconfiguration tetra is used for the C-GX^ group 
in the GX^GOZ molecules. Unique to a tetrahedral structure 
is a four branch-point redundancy condition arising from 
the interdependency of all of the bond-length and bond- 
angle changes. This redundancy condition gives rise to a 
force constant which is most often described as the mole­
cular tension of the tetrahedral group.
Table 2-ij. is a list of all of the repulsive force 





1 F ( X ) -------------------X— X
2 F ( x ' ) -------------- 2(X— X *)
3 F(XC) ----------------- 3(X— C)
i|. F ( O C ) ------------ ---- 0— C
5 F(CZ) - - - - --------C— Z
6 F ( 0 Z ) ----- ---- ---- -- 0— Z
7 c(x'o)  ...................x 1 0
8 C ( X Z ) -----------------2 (X Z )
9 - - - - - - - - -  Molecular tension
Table 2-h,
!).. Valence Interaction Force Constants 
An effort was made in this study to consider all 
significant interaction force constants in order to observe 
their effect on both the calculated frequencies and the 
potential energy distribution; however, not all of the 
interaction force constants were allowed to vary from a 
value of zero. Figure 2-3 is a matrix xvhose rows and 
columns are labeled with the internal coordinates. The 
diagonal elements are the simple valence force constants, 
whereas the off-diagonal elements are the valence inter­
action force constants. The numbers in each of the blocks 
correspond to the force constant numbers of the Urey- 
Bradley Z matrix. Any two blocks having the same numbers 
are symmetrically equivalent and any blocks which are not 
numbered are force constants which were not considered in
11-10
J F ( o - Z )
Pig. 2-2
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this study. Certain force constants were ignored because 
it was considered unlikely they ivould exert any significant 
effect on the calculated frequencies.
In Figure 2-3» force constants 70 and 7^  take on 
special importance. They are the force constants for the 
interaction between the nonplanar coordinates cC and A  
and the out-of-plane wag. In chapter I it was noted that 
the \*eighting of an interaction force constant in the Z 
matrix is 1.000, If for force constant 71 » both the inter­
action between oc pCp and the wag and between oC pCp and
L\. 5
the wag are given a value of 1,000, then upon symmetriza- 
tion, an interaction between symmetry species results 
rather than the intended interaction between the antisym­
metric methyl rock and the wag. To overcome this problem,
a value of -1.000 is given for the °*pCp and /3ccp co”
I4. i|-
ordinates and a +1.000 for the others. In this case the 
interaction between symmetry species is canceled out and 
the intended interaction is formed. From a physical stand­
point,*' the necessity of making one value negative Is evi­
dent, since as the oxygen atom bends out of the plane of 
symmetry it will affect the C-X bond on one side of the 
plane in an opposite fashion from the C-X bond on the op­
posite side of the plane.
5. Symmetry Space of the CX^COZ Structure 
All of the molecules of this study will be treated as 
having only a plane of symmetry. The point group for these
11-12
1 2 3 4 5 6 7 8 9 10 11 12 13 1 M 5  16 17
1
rQQ
1 24 25 25 26 27 28 29 29 30 31 31 32 33 34
2 r CF 2 35 35 36 37 37 38 39 39
3 ^CF, 3 k-0 41 42 43 44 45 46
4
4
r CF^ 3 41 43 ij.2 46 46 44
5
5”
r G0 4 47 48 49 50
6 r n* 5 51 52 53
7 OC ‘FGP 6 54 54 55 56 55
8 °*FCFr 7 57 58 59 60 71







9 61 63 64 65 70
12 -^GCF, 9 70
13 e QGZ_ 10 66 67
^  ^OCC 11 68
15 ^ZCC 12




molecules is  C , which has only two symmetry species, a 1 s





a' 1 1 X, y, Rz 2 2 2 x , y , z , xy 13 10
a" 1 -1 z> 3x> Sy yz, xz 8 5
Table 2-5
The number of normal modes of v ibration  for this seven- 
atomic system is f if te e n , and using the procedures out­
lines in  chapter I, i t  is seen that there are ten vibra­
tions in  the a ' species and fiv e  in  the a" species. The 
symmetry coordinates are the same fo r each of the mole­
cules, but the order depends on the assignment of the 
in frared frequencies to the approximate normal modes. 
Table 2 -6  is  a l i s t  of the symmetry coordinates for the 
CX^ COZ structure,
B. Structures of CX^COZ Molecules 
1. The Acetyl Halides 
A ll of the structural parameters fo r the acetyl 
halides included in  this study x*ere obtained from micro­
wave studies. The bond angles and bond lengths supplied 
by the microwave studies ;*ere used to calculate the p rin ­
cipal Cartesian coordinates of the molecules, which in  
turn were needed fo r .the calculation of the G matrix and 




S1 = r co C=0 Str.
S2 = N(r” cX + r CX^ + r CX^ ^ 
s3 = N ^2rcx " r CXi{ " ^ C X ^  
SI|. = **00
Sym. CX^ Str.
Asym, XCX2 Str. 
C-C Str,
s5 = r cz C-Z Str.
S6 = N( ct + + ~ ft ~ ft  ^ Umbrella Bend
S? = N{2ot' - oC ^  - U  c) Asym. XCXg Def.
s8 = M 2 f i l - f l k - f t B ) XCX2 dock
s9 = N ^2 ^0CZ " ^  OCC “ ^ZCC^ Scissors Bend
S10 = H^uC C  " V  zcc^ OCZ Rock
S16 -  w( * '  + *  ^  ^ + j3' + / $ ^ + ft?) Redundant
S17 1T^ o c z  + ^ ucc + ^zcc^ Redundant
Symmetry Species a”
S11 = ^ C X ,  " V GX-J 4- 5
s12 N(«<xcx^ “ *  xcx^  




81 * -  * Wag
S15 = T Torsion
Table 2-6
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The input data for the program used to calculate the 
princ ipal Cartesian coordinates (Appendix 2A) requires the 
input parameters lis te d  in  Table 2-7.
Bond Lengths
















* > C - C  (120°)
7
J ^ C - C  (-120°)
Table 2-7
Note in  Table 2-7 that fo r a CX^ COZ molecule a l l  of 
the dihedral angles are fixed  and easily  determined.
Table 2 -8  l is ts  the structural parameters fo r the 
acetyl halides.
Bond Length I, Aldehyde‘S  Fluoride^  Chloride‘S  B r o m i d e ‘S
0-H (in  plane) 1 .086 1 .082 1.083 1 .083
C-H 1 .0 8 6 1.096 1 .083 1 .083
C-H 1 .086 1 .096 1 .083 1 .083
C-C 1.5005 1 .502 1.499 1.499
c=o 1.2155 1.185 1.192 1.192
c-z 1.1 ill. 1. 343 1.789 1.960
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Bond Angle Aldehyde Fluoride Chloride Bromide
C-G-H (in plane) 110.335° 110 . 400° 110 . 350° 110 . 350°
C-C-H 110.335° 108 . 800° 110 . 350° 110 . 350°
C-C-H 110.335° 108 . 800° 110 . 350° 110.350°
oIIo1 123.918° 127.900° 127 . 080° 127 . 080°
C- C-Z 117.474° 110.735° 112. 650° 112 . 650°
Table 2-8
2* 1?h3 Trifluoroaoetyl Halides
The structure of trifluoroacetaldehyde was obtained
pD
from a microwave study by Woods and an electron d i f ­
frac tion  study by Schwendeman^. The structures of t r i -  
fluoroacetyl fluoride  and chloride were determined by 
Boulet-^ using electron d iffra c tio n  methods. Table 2-9 
l is ts  the structural parameters.
Bond Length A Aldehyde Fluoride Chloride 
C-F (in  plane) 1.332 1.315 1.340
C-F 1.332 1.315 1.340
C-F 1.332 1.315 1.340
C-C 1.54 i.51j4 1.52
C=0 1.204 1.171 1.17
c-z 1.09 1.330 1.79
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Bond Angle Aldehyde Fluoride Chloride
C-C—F (in plane) 109.8° 108.1|8° 111.38°
C-C-P 109.8° 10 8.1^8° 111.38°
C-C-P 109.8° 1 o8.1j.8° 111.38°
c-c=o 1 21.8°
oo•r-<r\ 128.0°
c-c-z 118.2° 108,0° 109.0°
Table 2-9
The principal Cartesian coordinates along with a two- 
dimensional plot of the coordinates for both the acetyl 
halides and the trifluoroaoetyl halides appear in Appendix 
2A.
C. Vibrational Assignments of the CX^COZ Molecules
The fundamental vibrations of the molecules of this 
study have been thoroughly studied and assigned by several 
authors. Tables 2-10, 2-11, and 2-12 list the assigned 
fundamentals of the acetyl halides, deuterated acetyl 
halides, and the trifluoroaoetyl halides respectively.
Certain torsional frequencies are too weak to be ob­
served in the infrared spectra. In these cases the tor­
sional frequencies were calculated from the barrier to 
internal rotation given in the microwave studies. The 
calculated torsional frequencies are in parentheses in 




Species Coordinate h20 d20
Lk
p32 ci 33 3 r3^
A' Sym. CH^  Str, 2967 2970 2953 293^ 291+5
Asym. HCIIg Str. 3010 3 OH 301+3 3029 3026
0=0 S tr. m 3 m 3 1870 1822 1821
C-C S tr. 919 1109 826 958 91+2
C-Z S tr. 2822 2071 1187 608 570
Umbrella Bend 114.OO 1353 1378 1 370 1 362
Asym. HCH2 Def. m i 1i+l;2 Ilf-37 111-32 11+25
HCH2 Rock m 3 101+3 1000 1109 1092
Scissors Bend 1352 81+9 598 il-36 31+7
OCZ Rock 509 500 1+20 3^8 301+
A" XCX2 Str. 3010 301 k 3001+. 3029 302£
XCX2 Bend 11+20 11+20 m o 11+32 m s
XCX2 Wag 867 802 1053 1029 1021
0 or Z Wag 763 668 567 51^ 1+92
Torsion 150 m (112) (137) (137)
GH3COZ 
Table 2-10




Species Coordinate h3* u20 p32 ci 33 Sr34
A * Sym. CD^  Str. 2117 2130 2144 2104 2105
Asym, DCD^  S tr. 2254 2265 2274 2280 2275
C=0 Str. 1753 1737 1869 1820 1825
C-C S tr . 1131 1151 778 962 808
C-Z Str. 2812 2060 1204 563 525
Umbrella Bend 960 1028 1149 1040 1010
Asym. DCD2 Def. 1038 10I|5 1030 1132 1122
DCD2 dock 774 747 839 818 951
Scissors Bend 1390 938 577 437 345
OCZ dock 44-3 436 378 317 275
A" DCD2 Str. 2223 2225 2243 2280 2275
DCD2 Bend 1028 1028 1057 1040 1043
DCD2 Wag 626 573 915 877 855
0 or Z Wag 761 676 491 498 440






Species Coordinate h36 D36 p37 Cl38
A' Sym, CF^  Str. 1310 1302 13^0 1281;
Asym. FCF2 S tr. 1202 12ljl; 1251; 121;0
C=0 Str. 1788 1770 1899 1 811
C-C Str. 8l;0 811 806 937
C-Z Str. 2861; 2150 1099 750
Umbrella Bend 706 693 692 583
Asyn. FCF2 Uef. 580 58o 595 703
FCF2 Rock 256 253 228 198
Scissors Bend 1381; 1033 761 511
OCZ Rock 1;31 I4.28 390 331;
A" FCF2 S tr. 1183 1177 1211; 1202
FCF2 Bend 531 521 519 517
FCF2 Wag 322 318 2l;2 231;
0 or Z Wag 958 81.2 1;27 390





RESULTS AND DISCUS SI Oil
A, The Frequency F it
For each normal coordinate Appendix 2D1 contains the 
observed and calculated frequency, its  d ifference, and 
percent difference. In each case i t  is  easily  seen that 
the percent difference is  quite small w ith respect to the 
range of 3 to lj. percent allovrable for anharmonicity. The 
only notably large percent difference occurs fo r *0^ 2 ° f  
the molecule CF^ COE, This motion is a mixture of the out- 
of-plane hydrogen wag and the out-of-plane trifluorom ethyl 
wag. I t  was not possible to reduce the percentage d i f ­
ference of the out-of-plane wag without seriously a ltering  
the frequency f i t  fo r the GF^  waS as w ell as fo r the cor­
responding vibrations in  the deuterated analogs. The 
source of this problem is  the lim ita tio n  of the harmonic 
o s c illa to r approximation as pointed out by C.V. Berney-5 
and C,B, Hoore and G, C, P im entel^ .
The most d i f f ic u l t  frequencies to f i t  were those 
vibrations belonging to the a" symmetry species involving 
la rg e ly  the out-of-plane motions. The only other set of 
frequencies that gave trouble were the a* vibrations des­
cribed by the scissors and O O Z  rock symmetry coordinates. 
The corresponding modes are mixtures of both of these sym­
metry coordinates.
There is  some question concerning the choice of how
III-2
the symmetry coordinate is constructed for the OCZ rock.
The scissors bend symmetry coordinate involves all three 
of the angle-bending internal coordinates around the car­
bonyl carbon and consequently all three force constants 
associated with these internal coordinates enter into the 
construction of the normal coordinate. The OCZ rock on 
the other hand involves only two of the three internal co­
ordinates, The normal mode associated primarily with the 
OCZ rock is likely to be a complex combination of motions 
of all three bends and therefore cannot be adequately 
described by the rock symmetry coordinate alone. The 
effect of this problem is to make the simultaneous fit of 
both the rock and scissors vibrations difficult. A way to 
alleviate this is to include all three internal coordinates 
into both the rock and the scissors. However, more serious 
problems are created doing this than are solved. If all 
three internal coordinates are used to make up the rock 
then one is left with the problem of how each internal 
coordinate is to be weighted in the symmetry coordinate.
Due to the redundancy condition involving all three inter­
nal coordinates, there are definite restrictions governing 
the makeup of the rock symmetry coordinate, i.e. if two of 
the angles open up by a unit amount then the remaining 
angle must close down by two units. The actual weighting 
of each internal coordinate will be different for each 
molecule (different even for isotopically substituted 
molecules). In the present study It was felt that it was
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b etter to use the same symmetry coordinate makeup fo r  
purposes of comparison betx<ieen molecules.
B. The Force Fields
Appendix 2D2 contains the tables of the force con­
stants fo r both the acetyl halides and the tr iflu o ro a c e ty l 
halides. I t  is  f e l t  that the force constants are close to 
the true harmonic force constants since both series of 
molecules show remarkable consistency in  trends, magnitudes, 
and signs of the force constants. The primary goal of th is  
study has been to find  force fie ld s  which vary only in a 
reasonable way from molecule to molecule.
The valence force constants are perhaps the most in ­
teresting to look at since they are the easiest to in te r ­
pret from a chemical standpoint. In  Chapter I  i t  was noted 
that force constants can usually be thought of as being 
proportional to bond strengths fo r a given series of 
molecules. With th is  in  mind some in teresting  correla­
tions of certain force constants can be made. In  both the 
acetyl and triflu o ro a c e ty l halide series the C=0 stretching 
force constant is  largest when the Z atom is  fluorine  and 
is  consistently larger fo r  the t r if lu o ro -  series. The C-C 
stretching force constant is  very much greater fo r the 
acetyl series, which is  clear evidence fo r a weakening of 
the carbon-carbon bond due to the electron-withdrawal 
property of the CF^  group. In  both series the carbon- 
halogen stretching force constant decreases as Z changes
Ill-lj.
from Ii to 3r. This agrees very x^ell x^ith the bond dis­
sociation energies^ fo r acetaldehyde, acetyl chloride, 
and acetyl bromide. The energies are 86.0, 83 . 2 , and 67 .8  
kcal/mole respectively. The C-F bond fo r the CX^ group 
seems to be stronger than the C-H bond,x*hich is  evidenced 
not only by the CF^  group having the larger stretching  
force constants but also by the larger XCX and XGC bending 
force constants. In  addition, the molecular tension force 
constant is  an order of magnitude larger fo r the CF^  series. 
This is  consistent vrith the GF^  group being a t ig h t ly  bound 
u n it.
The Urey-3radley non-bonded repulsive force constants 
are large fo r the GF^  group, and xdien compared to the CH^  
group indicate strong repulsion among the fluorines and 
also betx^een the fluorines and the carbonyl carbon.
The CF^- series required many more in teraction  force 
constants than did the CH -^ series to obtain consistent 
force f ie ld s . Indeed, several in teraction  force constants 
x^ere needed to obtain even one force f ie ld  x^hich reproduced 
the assigned frequencies. There are some interactions  
x-jhich deserve p artic u la r note. The in teraction  betxireen the 
G-C stretch and the C-Z stretch is  small and negative but 
necessary fo r a satisfactory frequency f i t .  The negative 
sign indicates that as the G-Z bond stretches, electron  
density floxtfs into the G-Z bond and s im ila rly  as the C-G 
bond stretches electron density flows in to  i t .  The in te r ­
actions betxtfeen the C-C bond stretch and the G-F bond
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stretches, POP angle bends, and PCC angle bends were very 
important fo r the tr if lu o ro -  series, as were the in te r­
actions among the C-F bond stretches and angle bends. The 
magnitudes of the interactions between the out-of-plane wag 
and the methyl rock, methyl deformation, and torsion may be 
re la tiv e ly  small but are perhaps the most s ign ifican t in  
terms of the extent to which they e ffec t the a" frequencies.
c* '-ft16 Potential Energy D istribution
Appendix 2D$ contains the various potentia l energy 
d is tribu tion  matrices fo r a l l  of the molecules and th e ir  
iso top ica lly  substituted analogs.
There are several normal coordinates in  the tr if lu o ro -  
series which are made up of two or more symmetry coordi­
nates. In  some cases the mixing is  extensive. In  a l l  
cases the a* C-P stretches mix as do the scissors and OCZ 
rock, V/ith the exception of the aldehyde, the C-C and 
C-Z stretches are perhaps best thought of as an in-phase 
and out-of-phase combination stretch. The a,r t r if lu o ro -  
methyl wag and the out-of-plane oxygen wag are extensively 
mixed. The oxygen wag is  also mixed with the torsion. 
Similar mixing takes place in  the acetyl series. The mix­
ing often sh ifts  markedly on going to the deuterated 
counterparts in  the acetyl series.
In  many cases where the mixing is  extensive, a clearer 
picture of a given normal mode can be gained by examining 
the Cartesian displacements of a l l  the atoms. These d is-
III-6
placements can be found in Appendix 2D6.
D. Comparison of Hesuits to Past Work
There have been only two past studies done on any of 
the molecules. Acetaldehyde u&s worked on by Cossee and 
J.H. Schachtschneider in 1965 and a paper on acetyl chloride 
was published by J, Overend et,al. in 1961.
In the case of acetaldehyde, there are very few dif­
ferences between the force field previously published and 
the present work. The major difference concerns the out- 
of-plane wap; and the torsion. The value of both force con­
stants Is considerably/ larger in the present study. This 
is a result of the introduction of the wag-torsion inter­
action force constant. Thotigh the magnitude of this inter­
action is small the calculated wag and torsion frequencies 
are extremely/ sensitive to it. Consequently the wag and 
torsion valence force constants are correspondingly sen­
sitive to Its size.
Overend's work on acetyl chloride was limited to 
transferring Urey-Bradley force constants from the mole­
cules COCI2 and (CH^^CO calculating the frequencies.
His resulting frequency fit was fairly good with a few 
exceptions. The force field obtained in this study is very 
similar to Overend's. The chief differences are in the 
C=0 and C-Cl stretching force constants, which for this 




It was found in the course of this study that it is 
necessary to include many non-Urey-Bradley valence inter­
action force constants in any study where chemical similar­
ity between a series of molecules is used as a constraint 
on the force field. It is felt by the author that such a 
force field constraint provides an excellent method for 
finding force fields which are chemically useful and lilcely 
to be transferable to much larger molecules. This last 
point is particularly important in light of the great deal 
of work being done on biologically-active molecules. de­
cently several papers^ have been published where struc­
tures and strain energies of biologically-active molecules 
were determined by transferring appropriate Urey-Bradley 
force constants to them, substituting them into the poten­
tial function of the molecule and minimizing the resulting 
potential energy by systematically varying the structure.
In several cases the biological role the molecule plays was 





The programs lis te d  in  this appendix are a l l  of the 
necessary programs used in  a normal coordinate analysis. 
The f i r s t  four main programs are modifications of programs 
l is te d  and explained in  reference 3» For these programs 
the explanation of the input data w i l l  be lim ited  to the 
incorporated modifications.
IV-2
A, Fortran — Main Programs 
1. PREIGEN
This program calculates the p rinc ipal Cartesian co­
ordinates of a molecule given i ts  bond lengths, bond angles, 
and dihedral angles. A ll input data follow exactly the 
form described by J. H. Schachtschneider^,\'Tith the excep­
tion  of the control card. Columns 73 an<i  7& a**e control 
indicator positions. I f  a 1 is  placed in  column 73 the 
Cartesian coordinates are w ritten  onto intermediate tape 
or disk storage fo r use in  la te r  programs. A 1 in  column 
76 w i l l  instruct the computer to p lo t three two-dimensional 
projections of the molecule. The p lo ttin g  subroutine is  






3 tld I 500 , 3 ), NR(15C0),NCC(1500),CAT(1500)
C hKlTE PERT INANT DATA IN CCLS. 1-66 * THE = OF ATCMS IN COLS. 69,70
100 R EAL)( 5,60C) NAM E, NOAT , IN, I PLOT 
oQO FORMAT(I 6A6,16,213)
IF (NOAT) 500,5CO,601 
601 WR I T E(6,602 } NAME,NOAT 
o02 FORMAT(•1*,loA6,16)
C QN=.176532925E-01
101 READ!5,111) NO,NA,NG,AC,R,TE,PH,WT 
111 FORMAT (AI3,AF12.6»
65 WRITE (6,119) NC,NA,NB,NC,R,TE,PH,WT
119 FORMAT (2H 616,6F12.6)
W (NO)=WT




















122 CCRtNO,1 >=COR(NA,1)*R#CS 
GO TO 129
12d CCRINO,I)=CORlNA,l)-R*CS
129 CCR(NO, 2 )--R*SS 
CCR(NO,3)=0.0
IF(NOAT-3)500, 161, 130
130 DU 160 1=6,NOAT 
REA0(5,lll)NQ,NA,NB,AC»R*TE»PF,WT 










DG 13 R M = l , 3
V B A I M > = C O R ( N e , M ) - C G R ( N A , M )
V C A I M ) = C O R | N C , V . ) - C C R ( M , M )
IJci  D S Q = D S ( J * V B A I M ) * * 2  
RAb = S G R T ( D S Q)
SCALE= 0 . 0  
UU 142 M = 1 j 3 
T R A N S I M , 1 ) = V B A ( M ) / R A B  
142  S C A L F = S C A L E + T H A N S ( M , l > +VCA( MI  
D S t l = 0 . 0  
DU 1 4 6  M = l , 3
R J A ( M ) = V C A ( M ) - S C A L E * T P A N S ( M , 1 )
1 4c* D SQ=(JSij + R J A1 M ) * * 2  
RAJ= S«RT( DSQ)
DO 148  M= 1 , 3  
1 4d T P A N S ( M , 2 ) = R J A ( M ) / R A J
T R A N S ( I , 3 ) = T R A N S ( 2 , 1 ) * T R A N S ( 3 , 2 ) - T R A N S ( 3 , 1 ) + T R A N S ( 2 , 2 )
T R A N S l 2 , 3 )  = T R A N S ( 3 , 1  ) *  IRAN'S!  1 , 2  J-TRANS ( 1 , 1 > * TRANS(  3 , 2 )
TRANS( 3 , 3 ) =TRANS( 1 , 1 ) * TRANSI  2 , 2 ) - TRANS I 2 , 1 ) *  TRANS( 1 , 2 )
P R C I l ) = R * C S
P RC( 2 ) = K * S S * C C S ( C C N * P H )
P R C ( i l = R * S S * S I N ( C U N * P H )
OCJ 160  M= 1,  3 
C U R I N G , M ) = C O R ( N A , M )
DO 160 K=1,3 
l oO CORI NG,  M) =CQR(  N O , M ) * - T F A N S ( H , K ) * P R C ( K )
161 MR I T £ t 6 , 6 0 )
oO FORMAT 1 55H0  ATCM NC.  X Y L HASS)
DO 164  I -  1 , NOAT 
1 6 4  W R I T E ( 0 , 6 2 )  I , ( C O R I I , M ) , M= 1 ,  3 ) , U ( I )
02 F 0 R M A T I 4 X , I 3 , 3 X , 3 F 1 2 . 6 , F 1 3 . 6 )
DO 63 1 = 1 , NOAT
x m = c o R U , n
Yl  I ) = C O R ( 1 , 2 )
03  Z < I )  = CORI  1 , 3 )
GO 173 0  I = 1 , NOAT 
BB( I ,  1 ) = X ( I  )
B B I 1 , 2 ) = Y 1 1 )
1 730 001 1 , 3 ) = Z ( I )
NX= 0
DO 1 7 1 5  1 = 1 , NOAT 
DO 17 1 5  H = 1 , 3
I F !  0 , 0 0 0 0 0 5 - A D S I D B I I  , P )  ) > 1 7 0 5 , 1  7 C 5 , 1 7 1 0  
1 7 0 5  N X= NX + l  
NRI  NX) =M 
NCO(NX I = I 
D A T ( N X ) = BO 1 1 , M )
GO TU 1 7 1 5  
1 7 1 0  001 I , M ) = C . 0  
1 7 1 5  CONTI NUE  
NX=NX+1  
NR. ( N X ) = - l
iv-5





174 NXl=NXl + 4 
NX2=NX2+4
WRITE(11) (NRt I),NCC(1),DAT( I),I=NXl,NX2)
DO 173 I=NX1,NX2 
IF C KR(I I.LT.0) GO TC 171
173 CONTINUE 
GO Til 17 4





17 DO 23 1= 1, NOAT
2J SUMW= SUMW + W( I)
21 SUMWX= SUMWX + W(I)*X(I)
22 SUMWY= SUMW Y ♦ WI(I)*Y(I)
23 SUMWZ = SUMWZ + W(I)*Z(U
24 XC= SUMWX/SUMW
25 Y0= SUMWY/SUMW 
2o ZC= S CM WZ/SUMW 
27 WRITE (6,231
25 FORMAT I'OCENTER OF MASS IN THE ORIGINAL COORD. SYSTEM IS'tlX)
2-7 WRITE ( 6 t 30 )
30 FORMAT (* 0 • , 2 5X »'XO YC ZO',lX>
WRITE (6,43) XO,YO,ZO
43.FORMAT I22X,3F10.7)
31 CO 34 I = 1,NO AT
32 x< n= x< n-xo 
a3 Y (I)= Y(I)-YO
34 Z< I )= Z(Il-ZO 
WRITE (6,35)
35 FDRMATI•OATOMIC COORDINATES REFEKREO TO THE CENTER OF MASS*,IX) 
WRITE (6,36)
3o FORMAT('C*, 19X»* I M XO( I) YO( I ) Z0(I)*,1X)
37 DO 34 1=1,NOAT
39 WKITE{6 , 12 ) I , W ( I),X (I),Y (I) , Z(11 
12 FORMAT(16X,I4,4X,4F1C.5)
40 AIXX= 0 
A IYY= 0 
A IZZ= 0
42 CY Z=0 
CXZ=0 
CXY=0 
45 DO 51 1=1,NOAT
4o AIXX= AIXX tW(I>t(Y( I)**2 ♦ Z(11**21
4/ A IYY= AlYY ♦ W(I ) *(X(I)**2 + Z(I)**2)
4a AIZZ= AIZZ + W( I > * IX( I)**2 ♦ Y(U**2)
49 C YZ= CY Z ♦ W( I )*Y( I)*Z( 1)
XV-6
50 cxz=. CXZ * W( 1 )*X(I)*Z( I )
51 cxy = c x y * w<I )*XU)*Y(i)
WRITE (6,521
52 FORMAT!'OTHE UNTRANSFORMED MOMENTS *■ PRODUCTS OF INERTIA ARE* ,1X1 
WRITE (6,53)




150 C P I T= At)S(CYZ)+Al!S(CXZUABS(CXY)
151 IF (.Ol-CRIT) 200 , I 54 ,154 
20J A(1,1)=A[XX











CALL MSTR(Q,S,3,0,0 t 
CALL MSTRIP,U,3,1,0)
CALL ARRAYt 1, 3 , 3, 3 , 3 , S , S )
CALL ARRAY(1,3,3,3,3 »U,U)
WRITE (6,202)
202 FORMATCOTHE PRINCIPAL MOMENTS ARE',IX)
WRITE(6,205)U<1 ,1) ,U(2,2) ,U(3,3) ,U(1,2),U(1,3),UI2,3» 
i05■FORMAT!18X,3F15.6)
WRITE(6,206I 
20o FORMATCOTHE TR ANSFCRMATICN MATRIX IS',iX)





















c i  i ) = p c c < 1,21
7UC L)< I )=PCC( 1 , 3 )
,.RI TG 16, 7Cl>
7ol MCTAII'l THE PRINCIPLE CART. COORD. ARE’»IX)
DU 304 1*1, NOAT 
30* hRITL <t.,3C3> 1,01 N,C< I) ,D( I )
30 3 FnPVAT(5X,]4,5X,FlC.5,5X,FlC.5,5X,F10.5)
DO 730 1=1,NOAT 
B3I I,1) = 0( I ) 
on( I , 2 ) = C ( I 1 
73j M'(I,1)=C( I)
NX=0
DO n 5 1=1,NOAT 
Oil 715 ,■•1=1,3
I F ( 0. OCOOOS-AOSl  HUt I , P  ) ) ) 7 0 5 ,  7 0 5 ,  7 1 0
7u3 NX= NX *1 
NP. ( NX ) =M
nc(J(;ix) = i 
DAT(MX)=l)fi( I ,tt)
GO TO 715 
710 -JB< I, M » = C . 0 
715 C O N T I N U E  
NX = N X * 1 
N R ( N X ) =  -l 
N C G ( N X )=0.0 
D A T (NX 1=0.0
n. R I T E ( 7 * 720) (NR( I) ,NCC( 1 I , D A T < I ) , I  = 1, NX )
Idv F OrJMA T (2i3,P12.(j,2I3,F12.6,2I3,FL2.G,2I3,Fl2.b)
00 74 3 1=1,NCAT 
DO 74 3 J = I, NOA F
743 DC( I,J)=SGRT((B(I )-H(J))**2♦(C1 11—C (J ))* + 2♦1D(I)-D( J))**2)
DO 744 1=1,NOAT 
OR ITE(6,74 5) I
71,3 FORP.ATl//,* THE DISTANCE FRCP ATOM*, 13,1 TO THE ATOM LIS1EU BELO 
1>J I S ' , / )
7*4 „Rl 1 E(6, 746) (J,CQ{ I, J ) , J= I, NEA T )
7', o FCRNATCTl 15,* = ', F8.4 >)
1 F(1PLUT. t'0.0) GC TO 56 
CALL PI UTLR(3B,N0AT)
3o GO TO IOC 




INTEGER *2M, A , B
LUMENS I ON Y(500,3), IY(20,3) ,NCO(20), Ul< 3) ,11(20),12(20),122(3), 
I  M i l l )  ,  A  ( 1 2 1 )
DATA M / * 0 « , ' •/,A/121*' •/
DO 5 J=1 ,3
DO 5 1=1,NOAT
[TEMP = IF IX(Y1 I,J)*100)
IY( I,J) = I TEMP/10 
1TEMP = MOD I 1 TEMP , 10)
IF< ITFMp.GT.A) IY( I , J) = IY(I,J) > 1 
IF( ITEMP.LT.-4) IY(I,J) = IY(I,J) - 1 
5 CONTINUE 
UR ITE(b,616 I 
bio FORMA 1(10•)
DO 6  1 = 1 , N O A T  
t. h R l T t  ( (j , 607 I ( IV ( I,J) ,J=l,3) 
b u t  F O R M A T ! 1 0 X , 3 1 5 )
122(1) = 2 
IZ2(2 ) = 3 
1Z2(3I = 3 
IZl(l) = 1 
121(2) = 1 
IZ1 ( 3) - 2 
DO 10 1=1,NOAT 
10 NCO (I ) = 0
DO 210 IJK = 1,3 
iqi = Izl(IJK)
IQ2 = I 22(IJK)
DO 15 1=1,NOAT 
11(1) = IY(I,IQI) > 3 1  
- 12(1) = IY(I,IQ2)
13 NCO(I ) = I
DO 20 1=1,NOAT 
IT2=I2(I)
I N= 1
DO 21 J=I,NOAT 
IF(IT2.GE.I2(J)) GO TO 21 
IT 2= 12 (J I 
t N= J 
21 CONTINUE
12 ( 1 N ) = 12 ( I  I
I T 1 = 1 KIN)
IN 1 = NCQ( IN )
11(1N)=I1(I)
NCO(IN)=NCO(I)
12( I ) = IT2
II ( I) = IT1 
NCO(I)=IN1
20 CONTINUE 
78 DO 16 1=1,NOAT




oil F 0 Kf-i A T ( ' — * r 10 X» * THE VALUE OF THE ORDINATE WAS GREATER THAN 31* TH 
IE PROGRAM WILL SKIP THIS PROJECTION*/)
GO TO 210 




IF(12(1).EQ.31) 12(1) = 30 
. DO 25 1=1,30 
WRITE(6,617I 
o17 F ORMAT(* •)
IJQ = IJQ - 1 
IFLAG=0
IF( 12(I 1 ) .El).IJQ) GC TO 30 
601 FORMATI 1 + ' ,&5X,* I* )
GO TO 24 
30 K = NCO ( ID/10 + 1 
IF(K.EO.l) K=ll 
KK = M U D (NCO(I I ) ,10) + I
JI = 2* ( 11(d) - 1) -1
IFIJI .EQ.59) IFLAG=1




1 1 = 1 1 + 1
IF( (2(I PI .HO. I2(I I)) GO TO 30
IF(I FLAG•NE * 1) GC TO 24 




IF ( 12 tII).EQ.O) GO TC 35 
604 FORMAT(6X,60(•-• ) , ' + * ,60(*-*))
GO TO HO 
33 K = NCU(III/IO + I 
IFIK.EQ.1) K=li 
KK = MOD(NCO(I( ),10) ♦ 1 




IP = II 
IG1 = IG 
. 1 1 = 1 1 + 1
IF( 121 I I ) . EQ . 12 ( IP)) IG = IG + 1 
IF(IG1.EQ.IG) GO TO 80 
GO TO 35 
60 DO 50 1=1,29 
WRITE(6,617)
IF(II.GT.NOAT) GO TC 49
I  FLA G = 0
IF(IABS(12( 11) J .EQ.I 1 GO TO 55 
GO TO 49 
53 K : NCO( I M/10 ♦ 1 
IFlK.EO.l) K=11 
K K  =  MOD ( N C ' J  ( 1 1  ) , 1 0 )  ♦  1 
JI=<lit I I) - 1)*2 -1 
IFUI.EQ.59) [ FLAG= 1
n k l T E t o , 6 G 6 )  ( A ( M 1 ) , P 1 = L , J I )  , M  K ) , M ( K K ) 
6 5  C O N T I N U E  
. I P  =  I I  
I  1 = 1 1  +  1
I F (  I I . G T  . N O A T )  GO TO 48 
1 F ( 1 2 ( I  I ) . E G . 1 2 ( I P ) )  C O  T O  5 5  
4 6  1 F ( I F  L A G  .  N E . 1 )  GO TC 49 
GO T O  5 0
49 WRITE(6,601)
5 0  C O N T I N U E  
2 1 0  C G N T I N U E




There are several changes on the control card for this 
program. A sample control card in the new format follows.





1-3 -09 problem indicator
1J.-9 NOP problem number
'I 0-13 NOAT number of atoms
1 h-17 HINT number of internal coordinates
13-21 1 pass data on disk to program UBZM
22-25> 1 isotopic molecules will follow
26-29 1 punch B matrix
30-33 1 punch unsymmetrized G matrix
3^-37 1 punch symmetrized G matrix
38-I|.1 0 read U matrix from cards
1 read TJ matrix from previous molecule
1 write symmetrized G matrix on disk
1 read Cartesian coordinates from disk





DI ME NS1 UN 3(d75) ,NRG(950)
DIMENSION NCG{950),CG(950>
D IMENS1UN NRU(625) ,NCU( 625)
DIMENSION DUI625).XI3,50)
DIMENSION WT(50) ,M( 1501 














COMMON NRG.NRU, NCG,NCU,DG,UU,I NO,NOPROB,NOAT,NU,INTC,NISO 
CCM.MUN lF3,NOINT,NU2,M,N2«N3,N4,N5,N6,MX,JUKER,NOfi,NA 








92 READ( 5,12) lND,NOPROB,NOAT,NC,1NTC.NIS0,IFB,IND1,1ND2, IND3,NSBW,
I INU4




WRITE(6,SO) NOPRCG,NEAT, NC,(RECCRC(I) , I = 1, 401 
50 FORMAT (19HI G MATRIX PROBLEM I 7,7H. NOAT=14,16,22H INTERNAL COORD
II NATE S./(IX,20A4))
J0KER=0
DO 102 1=1,3 
DO 102 J=I»NOAT 
102 X(I,J)=0,C
1 F( IND4.GT.0) GO TO 106 
104 READ(5,16)(NKGW(L),NCGL<L>,DAT(L>,L=l,4)
16 FORMAT (4(213,F12.6))
IF( INTC.EQ.O) GO TO 107
WRITE(11) (NR0W1LI,NCCL(L),DAT(L ) ,L=1,4)
GO TO 107
lOo READI11) (NROW(L),NCOL(L ),DAT(L),L=1,4I 







IFIIND4.GT.0) GC TQ 106 
GO TO 104 
112 IF (H-NRCW(L) >600, 115,600 
11a NGB=0
WRITE(6,127l)
12 71 FURMAT(//, • THE CARTESIAN COORDINATES ARE X Y
.1 I' ,n
DO 1272 J=11NOAT 
1272 HR ITE(6, 12731 <X(I,J),1 = 1,3 )
12 73 FORMAT(3 7X,F8.3,3X,F0.5,3X,F8.5)
NO I NT=0 
WRlTE(G,51>
61 FORMAT (34HO INTERNAL COORDINATE DEFINITIONS/41HO NO. CODE I 
1 J K L IX JXI 
Lib READI5,181(NE(L),NCOO(L),NIIL) ,NJ(LI,NK(L),NLIL),NX ILJ,NY IL),L = 1, 
13)
13 FORMAT (2413)
120 DO 130 L=l,3
IF (ME(L ) 1 182, 122, 124 





125 IF (b-NCGD(L))605,126,126 
12o MX=NCOD(L>








GO TQ (130,140,150,16C,170,172),MX 
130 CALL BCIST 
GO TO 174 
140 CALL BEND 
GO TO 174 
150 CALL OPLA 
GO TO 174 
loU CALL TORS 
GO TO 174 
170 NC2=N0I NT* I 
CALL LIBE 
NOINT =NOINT*1 
GO TO 174 




GO TO 118 




9003 N T= 1
DO 9006 K= 1, N A 
900u D8(K)=0.0 
N0B=0
DO 9040 K=l,NIB 
900o IF(NR(K )-NT) 90 09,9036,9009
9009 DO 9020 JX-1,NA
IF ( AilSI HB( JX ) )-0.00005) 9020,9020,9010







DO 9034 1=1,NA 
9034 BB(I)=0.0 




NR(NIB ) = -5 
NC(NIB)=0 
b < NI b ) = 0 .0 
IF (IFBI200,195,19C 
190 WRITE!6,54)IND,NCB,< RECORD(I),1 = 1,15) 
34 FORMAT(2H ,I3,5F N0B=I4,15A4I
192 WRITE (7,56)(NR(K) ,NC(K),B(K) ,K=1,NIB) 
3b FORMAT (4(2 1 3,F 12.6)I






202 REWIND 8 
NK4 = I 
NK8 = 4
20B wRITE(B) (NR(K ) ,NC(K),B(K) ,K=NK4,NK8) 
DO 209 I=NK4,NK8 
IF(NR(I) .LT.O) GO TO 210
209 CONTINUE
NK4 = NK4 *■ 4 
NK8 = NK8 4- 4 
GO TO 208
210 READ! 5,10) IND
IF UN0t6)91,2l2,9L
IV-
212 REA0(5,20) IND,IFU,NSB,NS, (REC(I>,1=1,14» ’
20 F() KMAT ( 41 3 , 14A4 I
READ(5,22)(WT(L),L=l,NCAT)
22 FORMAT (6F12.6I
WRITE (6,67 K K  EC ( I) ,I= I»14),<WT(J),J=1,NOATI 
at FORMAT (17H1 UNSYMMETRI ZED G.14A4/11H FOR MASSES/(6F12.6)) 
NG=0 
NT = 1 
NUD-l
DO 216 L= 1,NOAT 
DO 216 M=1,3 
K=3*(L-l)+M 
w(K) = l.O/WML)
216 till ( K ) =0 ,0
DO 218 1=1,NC 
2 1 d G( I 1 = 0*0
[FIN IS0)220,220,219 
219 REWIND 8 
NK4 = I 
NK8 = 4
111 READ! 8) (NRtKl,NC(K1,B(K» ,K=KK4,NK8)
DO 224 l=NK4,NK8 
IF(NR(I I.LT.O) GO TO 220 
22* CONTINUE
NK4 = NK4 + 4 
NK8 = NK8 + 4 
GO TO 223 
22 J DO 250 K=I,NIB
221 IF (NR(K)-NT1222,24G,222
222 DO 226 L=NUB,NOB 
I=NR( L )
J=NC(L)'





NCG(NG) = I 





DO 238 I=NT,NO 




240 J X= NC ( K1
250 BB(JX) = I1E)(JXI+8IK)
252 NQG=NGt-l








2 5d WRITE (6, 59ING, (RECI I ) ,1 = 1,14) 
o9 F URMA T 16 HO N0G=I4,14A4)
WRITE!o,57)(NRG(L),NCG(LI,OG(L ),L=1,NG»
200 IF I IFU>261,210,263 
261 REWIND 9 
. NK4 = 1 
NK8 = 4
202 READI9) (NRUIK),NCU(K1,DU(K),K=NK4,NK8)
DO 269 1= NK4,NK8 
IF(NRUII I .LT.OI GO TC 282 
2o9 CONTINUE
NK4 = NX 4 + 4 
NK8 = NK8 ♦ 4 
GG TO 262
263 NQU=0 
JX = 1 
DSQ=0» 0 
WRITE(6,12641
126t FORMAT!//,' THE INPUT U-MATRIX NOT NORMAL[ZED IS ROW CO
1L ELEMENT',/)
264 IFUND3.GT.0) GO TO 5264
READ!5,161 !NROW<L),NCOL< L)»DAT111,L = 1,4)
GO TO 5266
52o*t REAI)(8) I NROW(L > ,NCOL I L) ,CATI LI ,L= 1, 4»
GO TO 5267
526o WRITE! j). (NROW I L 1 ,NCCL { L 1,0 AT (L 1 ,L=l, 4)
62o7 WRITE(16 1 INROW(L 1,NCCLIL),DAT(L ),L=1,4)
DO !2o5 L= 1 * 4 
1265 WKITE(6,1266) NROWIL1,NCOL(LI,DAT(L1 
126o F0RMAT145X,I2,6X,I2,7X,F4.1)




268 DAIJX1 = 1 ,0/SQRTIOSQI 
JX=JX+1
osy=o.o





DUt NOU1 = DAT I L )
2 74 CONTINUE 
GO TO 264 




273 00 279 I=1iNOU 
J=NKU (I )




DU(NOU) =0 .0 
R CWIND 8
IF(NISG)2e2,282,280 
280 REWIND 9 
NK4 = I
NK8 = 9
283 WRITE C9) (NRU(K),NCU<K) ,DU<KI ,K=NK4,NK8)
00 289 I=NK4,NK8 
IFINRUII).LT.O) GO TO 282
289 CONTINUE
NK4 = NK4 f 4
NK8 = NK8 4
GO TO 283
2o2 R C ADI5f1 8 I I NO I I ) ,I=l»NSB)
IF(NSBrt.EQ.O) GO TC 291 









i j o = i
2 90 WRITE(6,60)IND,JL,(REC(I),1=1,14) 




300 DO 302 1=1,NO 
GUI I )=0.0
302 U(I)=0.0
303 DO 320 K = KUB,NOU
IF (NKU(K)— IX)306,315,306 
306 DO 312 L = 1,NG 
I=NRG(L)
J = NCG(L >
309 GUI I >=GU( I l+U( J)*DG(L)
IF (I-J)310,312,31C









00 324 I = IX,NS 
32*+ UGC I ) =0 .0
ASSIGN 330 T O  JAK 
DO 335 L=NUT,NU 
GO TCJ JAK , ( 330, 332) 
d 30 IF (NRU1L)-IX)331,332,331
331 ASSIGN 332 TO JAK 
NWY=L
332 I= NRU CL}
J=NCU(L>




IF (O.OOOO5-A0S(UGIJ)))34 2,3 5C,350 
34*: IF (NT-J) 343,343,344
343 WR I TE ( 6 , 72 11 X , J
72 FORMAT (40H0 ERROR,ERROR,ERROR- G NOT FACTORING.ROWI4,7H C0LUMNI4)
344 N£L=NEL+ 1
IF (I01-NEL1345,345,347










NCS (N EL ).= 0 
GS(NEL1=0.0
3 3d WRITE I 6,56MNRS(I),NCS(I),GS(I I,1 = 1, NEL)
DO 1115 I=1,NQ 
DO 11 15J = l,NG 
1115 GMAT(I,J 1=0.0 
NEL1=NEL-1 
DO Ull I = 1, N E H  
GMAT1NCSII),NRS(I))=GS(I)
1111 GMAT(NRSI I),NCS(I)) — GSI I)
NN=NT-NP
WR1TEI6,1114)
1 1 1 4  F O R M A T  ( / / , '  T H E  G S Y M M E T R Y  B L O C K  I S ' , / )
DU 1112 1=1,NN
1112 WRITE (6, 1113) (GMATUtJ) ,J=1,NN)
1113 FORMAT ( 14F9.5)
• IFlNSiiW. EU.O) GO TO 1132
IF( IQl.EQ.NSBWlt IJQ) ) GO TO 1131 
GO TO 1132
1131 WRITE(10) ({GMAT(I,J),J=1,NN),I=1,NN)




1123 FORMAT(8F 10* 7)
112b JL=JL*1 
JX = JX«-1 
I Q1 = IQ1 + 1 
I JQ=IJ0+1 
JuJ IF (NSii-JX> 210,290,290
oUO WRITE (6,b0)N0PR0tJ, L,NRCW(L>,NCOL(L ),DAT(L) 
dJ FORMAT I24H0 X MATRIX ERROR PRO0LEMI7,6H FIELDI3,6H READS219 ,F12.6 
1)
GO TO 90
ojj hkITE!6,82)L,NE(L),NCCD(L),Nl (L >.NJ(L),NK!L),NL{L>,NXJLI,NYIL»,
' 1 JOKER
til FORMAT I33H0 INTERNAL COORDINATE ERROR.FIELDI3,6H REA0S8IA,8H JOKE 
lk =13)
GO TO 90
did WRITE!6,8A)N0PR0rt,L,NRGW(L),NCOL(L ),DAT(L) 
bV FORMAT !24H0 U MATRIX ERRCH PRCGLEMI7,6H FIEL0I3,6H READS21 A,F12 >6 
1)
GO TO 90 




DI MtiJSI ON NR (8 75 ) , NCI 875 )
DIMENSION B(875).NRGI950)
DIMENSION NCG(950I,DG(950 )
DIMENSION N Rli (62 51 ,NCU(625>
DIMENSION OU(625),X(3,50)
DIMENSION T (50 1 ,RU(3)
COMMON MRG ,NI<U,NCG, NCU,OG,OU , IND, NOPROR, NO AT , AQ, INTC,NISO 
COMMON IFB,NOINT,NG2,Nl»N2,N3,NA,N5,N6»MX,JOKER,NOB,NA 
EQUIVALENCE (NRG(1),X 11>),(NCG(1),WT(1)),(NR(I),NRG(701)),(NCGl 
1701),NCI 1)),(B(II,OG(701))
Il U- IF (N6) 130, 101, 130
101 IF (N5) 130,102,130
102 IF (NA) 130,103,130 
lU 3 IF (N3)130,104,130
10a IF (NUAT-N2)130,105,105 




109 DU 112 M = 1,3
RIJ(M)=X(M,J)-X(M,I)
112 01JSQ=DIJSQ+RIJ(M)*RIJ(M)
114 DU 12 0 Ms 1,3




E>( NOb ) = - R IJ ( MJ/SQRT < DIJSQ)
NCR =NQB*1
NR(MU B)= NC I NT
NC ( NCtB) ='3* (J -11 *M
I3(NGJ) = RIJ(M)/SCRT (01JSQ)
120 CONTINUE 








DIMENSION NRU(62 5),NCU( 625)
DIMENSION DU(625),X(3,50 I 
DIMENSION RJI (3) ,RJK(3)
DIMENSION RIXJX(3),EJI(3)
DIMENSION EJKI3),WT(50)
COMMON N RG,NRU,NCG,NCU,DG,DU,IND,NOPROB, NOAT»NQ *INTC,NISO 
COMMON IFH,NO I NT ,N02,N1,N2,N3,NA,N5,N6,MX,JOKER,NOB,NA 
EQUIVALENCE (NRG(1),X (1)),(NCGl1),KT(1)),(NR(1),NRG<701)),(NCGl 
1701),NC(1)),(B( 1 >iDG(701))
100 IF (N0AT-N6)150,101,101
101 IF IN0AT-N5) 150, 102,102
Ii
i
1 0 2  I F  ( N 4 U 5 0 ,  1 0 3 ,  1 5 0
1 0 3  I F  ( N G A T - N 3 I 1 5 0 , 1 0 4 , 1 0 4  
i u 4  I F  I N O A T - N 2 I 1 5 0 , 1 0 5 , I C 5  
1 0 5  I F  ( M U A T - N 1 ) 1 5 0 , 1 C 6 , l C f c  
1 On  I =  N1
1 0 7  J  =  N 2  
K = N 3  
I  X = N 5  
J X = N b
I F  1 1 X 1 1 1 0 , 1 1 0 , 1 1 2  
1 1 J  I X = 1  
J X= I
1 1 2  D J I S Q = 0 . 0  
D J K S O = 0 . 0  
D X S Q = 9 . 0  
1 1 5  0 0  1 2  2  M = 1 , 3
P J I  ( M > =  X * ^ ,  I  ) - X  I  M ,  J )
R J K ( M ) = X ( M , K ) - X ( M , J )  
F . I X J X ( M ) = X ( M , J X ) - X ( M ,  I X )
O J I S O - D J I S Q + R J I  ( M ) # R J I ( M l  
0  JKS(J = D J K S Q  + R J R ( M )  * R J K ( M )
1 2 2  D X S Q = D X S G + R I X J X ( M ) * R I X J X ( M )
1 2 3  L) J I = S Q K T ( D J I S Q )
D J K - S Q R T ( O J K S Q )
D X = S Q R T ( D X S Q )
I F  ( O X )  1 2 6 , 1 2 7 , 1 2 8  
1 2 7  D X = 1 , 0  
1 2  3  0 0 T J = 0 . 0
1 2 9  0 0  1 3 2  M = 1 , 3  
F J I ( M ) = R J I ( M ) / D J I  
C J K ( M ) = R J K I M I / D J K
1 3 2  D O T J = O O T J f E J I ( M ) + E J K ( M )
I F  ( 1 . O - A B S I C O T J ) ) 1 5 2 , 1 5 2 ,  1 3 4  
1 3 4  S I N J = S O R T ( l . O - O G T J * C C T J )
1 3 0  DO 1 4 4  M = i , 3
* SMI=(DX*lCOTJ*EJI(M)-EJK(M)))/<DJI*SINJ) 
I F  ( A 6  S ( S M I  1 - 0 . 0 0 0 0 5 ) 1 3 8 , 1 3 8 , 1 3 7
1 3 7  N C B = N O t H - l  
N R ( N U B ) = N 0 1  NT
NC ( N 0 3 ) =  3 *  ( I - i l + M  
B ( N O B )  =  S M I
1 3 8  S N K = <  D X * ( O G T J * E J K ( M ) - E J I ( M ) I ) / ( D J K * S I N J I  
I F  C A r i S l S M K ) - 0 . 0 0 0 0 5 ) 1 4 0 , 1 4 C , 1 3 9
1 3 9  N C B = N 0 8 + 1 
N R ( N O B ) = N C I  N T  
N C C N G t t )  = 3 ’M K - 1 ) * M
■ 0 ( N 0 6 l = S M K
1 4 0  S U M = S M I + S M K
I F  ( A B S ( S U M J - O . 0 0 0 0 5 ) 1 4 4 , 1 4 4 , 1 4 2  
1 4 2  N C B = N O t H - l
N R ( N L ) B )  = N C I N T  
N C ( N 0 B ) = 3 * ( J - l )









1 0  4  









00 TO 154 
JOKER=l 










DIMENSION EJKI3) ,WT( 5 0  
DIMENSION RJI (3 ) *RJK(3)
DIMENSION RIXJXI3I,EJI(3)
DIMENSION EJL(3),C1(3)
DIMENSION C2(3) ,C3I31 
DIMENSION RJL(31
C CMMCN NRG»NRU,NCG,NCU,DG,DU, IND.NOPROB,NOAT,NQ*INTC,NIS0 
CCMMJN IFC,NOI NT,N02»N1,N2,N3,N4,N5,N6,MX,JQKER,NOB 
EDUIVALENCE (NRG(1),X (1) ),(NCGl1).WT(1)),(NR(I),NRG(701)»,(NCG< 
1701 >, NCI 1 > ) , (!3( 1) ,DG( 7C1M 
IF (N0AT-K6)170,101,1C1 
IF (NOAT-N5)17C, 1C2,102 





J = N2 




IF ( IXH1C,110,112 





















131 DX= 1. 0
132 00 136 M=1,3 
EJI('1» = KJI(M)/DJI 
EJKM)=RJK(M)/DJK
13o EJL<M)=RJL(M)/DJL




C2(2) = EJL(3)*EJI(I)-EJL(l)*EJ M  3)
C2(3)= EJL(1)*£JI< 2)-EJL(2) + EJI(1)
C 3(1) = EJ It ?. >*EJK( 3>-EJ 1( 3)*EJK(2)
C3(2)=EJI(3)*EJK(1>-6 J1<1)*EJK(3)
13/ C3( 3) = E J I( 1)*EJK(2)-EJH2)*EJKU)
14 J L)ET=E J I ( l)*Cl(l)+EJI(2)*Cl(2)+EJI(3)*Cl(3)
DOT 1 = 0.0
142 DO 143 M=1,3
143 DOTI=OUTI♦EJK(M)*EJL(M)
14*» If (1.0-AdS(DOTI>) 172 ,172,146 
14o SlNI = SfJRT(l.O-DOTl*Darn 
14/ SINT= DLT/SIN I
14d IF (1. J - A d S (SINTI 1174 ,174, 149
14/ COST=SURT(l.O-SINT+SINT)
I5d TANT=SINT/COST 
153 DO 168 M=1,3






1 oU SMK= ( ( C2(M)/(C0ST*SINI >) — t IT A M *  ( E JK( M)-OOTI*EJL(M) ) )/( S IN I*S [NI ) » 
• 1)/DJK
IF t A (4 S ( SKK)-0. 00005) 163,163,161 
161 NOR=NUD+1
NR(NOB)=NCI NT 
NC(NOB I = 3*(K-lI 
B (NOB) = DX*SMK
163 S ML"( ( C3(M)/(CQST*SIN I))-((T/NT*(EJL( M )-DOTI*EJK(M )))/(SINl*SINI)) 
I)/DJL






























00 TO 178 
JOKE R-1
00 TO 178 
J 0KER=2 













DIMENSION EKL < 3),CR1(3)
DIMENSION CR2I3),EIJ(3>
COMMON NRG, NRU, NCG, NCU ,0G» DU , IND, NUP.ROB , NO AT, NQ, INTC ,N I SO 
CO.MUN I F E,NOINT,NG2,N1,N2,N3,NA,N5,N6,MX,JOKER,NOB,NA 








1 = N1 
J=N2 



















DXSO=DXSQ*RI XJXI M) *IUXJX(M»
12u DIJ=SQKT(ClJSQ)
DJK=S0RTIDJKSO)








13d C»l(l )=EIJ<2)*EJK(3)-EIJ(3)*EJK(2) 
tkl(2)=EI J( 3)#EJK( D-EI J( 1>*EJK( 3)
LKl(3 )=C IJ(1>*EJK(2»-EIJ(2)*EJK( 1)
CR 2 (1) - L JKI2)* E KL(3)-EJK(3)+EKL(2) 
LR2I2)=EJKI3)*EKL(11-EJMI)* EKL13)
142 CR2(3)= EJKI 1)*EKL(2)-EJK(2)*EKU 1)
14-3 d o t p j =o .o
D0TPK=0.0 
i 4 b 00 147 M=l,3
DCTPJ=UGTPJ-EIJ(^)*£JK(M)
1*7 UUTPK=OOTPK-EJK(M)*£KL(M)
143 IF (1.0— AHS(COTPJ))162,182,149 
14-# IF 11.O-ABSIDOTPK) ) 182,182,15C 
130 SINPJ=SQPT(1.Q-CGTPJ+CUTPJ>
SINPK-=SQRT (1•O-CQTPK*CCTPKI




NR(NOB) = NCINT 
NC(NUBI~3*(I-ll*M 
BINGBl=DX*SMI



















































DIMENSION CJKC3) tWT(50l 
UIMENSION RJ1(3),RJK(3)
DIMENSION A{3), RI XJX(3)
DIMENSION UN(3),UNIT(3)
DIMENSION U P ( 3 ),EJI(3)
COMMON NRG,NRU,NCG, NCU,DG,CU , INC,NOPROB, NGAT,NO*INTC.NISO 
COMMON IFH.NOINT ,NC2,Nl,N2,N3,N4,N5,N 6 ,MX,JOKER,NOB,NA 
EQUIVALENCE < N R G {1),X (1) ), (NCG( 1) ,WT( 11 ) , I NR( I) , NRG (701)) ,(NCG( 
17011,NC(1)),(B(1J,CG(701))
J STGP = 0
IF (NoAT-N6)l60,101,101 

















if (m m ,  111,112
















l)UK = SORT ID3KSQ)
DX = SORT(DXSQI 
DAO = SORTIL>AUS0)
130 IF' (DX) 132,131, 132
131 DX=1.0
132 0 U T 3 = 0 .0
o n T p ^ o . o
13s-' DO 140 M = 1,3
E3I(M)=K3I(M)/03I 
EOMM)=ROMM)/OJK 
UNI T( N) = UMM) /OAJ 
DOTJ=OOTO+FO[(Ml*EOKIM)
143 DOTP=OQTP + £3I{'1)*UNIT<M) 
TFST=(ADS(0013)-i.01 
IF (O.OOOl-ABSI TEST 1)16:2,142,142 
142 IF 10.O0OO5-ABSICOTP)>162,143,143 
isj UP! 1)=EOK(2)*UNITI3)-EOK(3)*UMT(2) 
UP(2)=EJK(3)*UNIT(1I-E3KC1)+ UNIT( 3) 
UP I 3) = EOKI l)*UNIT(2)-EJK(2l*UMT{ 1)
146 00 149 M=I,3
IF IAttSI UN IT CM) 1-0.00005) 149,149, 147
147 NCH=NOB+1
NR I NQH )-=NOI NT 
NC(N0B)=3*(I-ll+M 
ll( NOB )=-DX*UNIT(M)/DJI 
NCB=NU8+1 
NR(NUB)=NOINT 
NC I NOB) =-3* (K-l) + M 




D( NOB ) = DX* (1 .O/0UI + i.O/UOK)HlMT(M) 
149 CONTINUE
IF I3ST0P)164,164,15C 





Bt NOB) = -DX*UP(M)/D31 
N0B=N0B+1 





NCI NOB) = 3*(J-l)+M
B(NCIB) = DX*(1.0/CJI + 1.C/03K)*UP(H)
aIV-28
15d CONTINUE 
GO TO 164 
1 Liu JUKER=1
GO TO 164 
ltui JUKER=2 




The modified control card is explained below.
Card Column Values Options 
Field
1-3 -09 problem indicator
1^ .-9 NOP problem number
10-12 NOAT number of atoms
13-15 NINT number of internal coordinates
16-18 NF number of Urey-Bradley force constants
19-23 NOF number of non-Urey-Bradley force
constants
24-25 1 print gem, tetra, and cis matrices
26-27 NP number of punched copies of Z matrix
28-29 1 read Cartesian coordinates from disk
0 read Cartesian coordinates from cards
30-31 1 write Z matrix on disk
In addition, immediately following the literal data 
card are two sets of cards containing labels, in 8 column 




L)IMENS ION NCI (2000) ,NC2( 30C0)
DIMENSION NFUI2000),DATINZ(2000)






DIMENSION UBF CON( 100,2),INTCCRI100,2)
COMMON D,IND,NOPRCB,NOAT,NCCR,NF,NOPT,NCOU,NA,KOQOF X,NFOR 
COMMON NZ,JUKE,INFRA,X





91 1F( IND.EQ.-9I GO TO 92 
GO TO 90
92 READ! 5,4)IND,N0PRC8,NCAT,NCCR,NF, IFF,NOFF»INFRA, IFTC,INDX, INDZ 
* FORMAT (13,16,3 13,12,13,412)
94 I K  IND.EC.0) CALL EXIT 
130 READ{5,6) (RECCRDd ) ,1 = 1,40) 
o FORMAT(20A4)
102 WRITE(6,50) NGPRL'fl, (PECOROU ),1-1,40)
30 FORMAT(22H1 Z MATRIX PRCULER NO. 18/(12X,20A4))
K EA0(5,146) ((U3FC0N( I , J),J=1 , 2) , I=1,NF)
REALH 5,146 ) ( ( INTCOR ( I, J ) , J= 1, 2 ) , 1= 1, NF )
14o FORMA T(1Q(2A4))
105 DO 107 1=1,3
DO 107 J=1»NQAT 
10 T X(I,J1 = 0.0
IF(INDX.EQ.O) GO TO 110
111 REAO(ll) (NRUWX(L),NCCLX(L ),CATINX(L),L=1,4)
GU TO 112
110 READ(5,3)(NR0WX(L),NCCLX(L),DATINX(L),L=1,4) ■
>8 FORMAT (4(213,F12.6) )
112 DU 113 L = 1,4
IF (NRDWX(L) H20, 118, 114 
114 IF (3-NRCWX(L))605,ll5,115
113 IF (NOAT-NCOLX(L))605,116,116 
lib 1 =NR‘JWX ( L)
J=NCOLX(L)
X( I, J ) = DATINXIL)
118 CONTINUE
IF(INDX.GT.O) GO TO 111 
GO TO 110 









00 141 J= 1, NGA T
191 WRITE(6, 196) <X< I , J),1 = 1,3)
19o Ft) KM AT ( 20X,3F12>6)
160 DO 145 K= 11NCOR
IF (NCOR-NINT(K ) )6l0.142rl42 



















i*,/ FORMAT!///,1 TH6 UREY-BRADLEY FORCE CONSTANTS AND INTERNAL C00RD1 
1MATFS AR E '//20X * * U-B FORCE CONSTANTS*,20X,•INTERNAL COORDINATES*,/
2)
00 148 KK=l,NF
l*,d WRITE(6,147) KK,(UBFCCN(KK,J),J= 1,2>,KK,{INTCOR(KK,J ), J=1 ,2 )
1*9 FORMAT (20X , 12 , *  • , 2A4 ,20X, 12, *  *,2A4I
172 READI5,10)N0PT,NC0D,(NA(I),I = 1,5 ),(KOOOFX!J),J=1,10),|NFORIK),K=1 
1,13)
WRITE(6,80)NCCD,NCPT,(NA(I),1=1,5) 
aJ FORMAT !24H0 SUBCONFIGURATION C0DEI4,8H, 0PTI0NI3/14H ATOM NUMBE 
1 KS/l.H 514)
. WRITE16,81)(KOOOFX!J),J=l,10)
81 FORMAT (290 INTERNAL COORDINATE MJMBEKS/IH .1014)
WR I T E16,32)(NFORIK ) ,K=1,13)
82 FORMAT (25H FORCE CONSTANT NUMBERS /1H 1314)
17*, IF (NJPT)410,410,180
180 IF (NCU0)615,615,181
181 IF (4-NCQD)6l5, 182,182
182 00 184 1=1,5
IF (NA(I)1615,183,183
183 IF (NOAT-NA(I))615,184,184 
ld4 CONTINUE
Ido DO 189 1=1,10
IF (KOOOFXII))615,188,188 
18J IF (NCOR-KOOOFX(I))6l5,189,189 
lb9 CONTINUE 
190 DO 193 1=1,13
IF (NFDRCII1615,192,192




GO TO (210,220,230,240,MX 
21J CALL CVGEM









53 FORMAT I 1H L I 3 , I 7H Z MATRIX PROBLEM 18 , 5H NZ=16)
402 WRITE(6,54)(NClt I),NC2(I ) ,NFO(I),0 AT INZ( I) , 1 = 1,NZ>
DO 1001 IK = 1,IF TC 
10 01 WRITE(7,54)(NC1( I),NC2(I) ,NFC(1),DATINZ(I),1=1,NZ)






00 461 IJ-1,I FTC
NZ4= I
NZ 8=4
43j NRITEU7) (NCl(L),NC2(L),NFU(L),DATINZ(L ),L=NZ4,NZB) 
DO 435 L=NZ4,NZ8 






53 FORMAT (211 21 3 ,F 12. 6,2 I 3,F 12.6,21 3,F 12 . 6,2 I3.,F12. 6) 
46J. CONTINUE 
4u2 DO 470 1 = 1,NCA T 
DO 470 J=1,NOAT 
DSQ=0.0 
4oo DO 468 M=l*3
R (M ) = X (M»J)-X(M, I )
463 DSQ=DSQ*R(M)*R(M)
4 70 0(1,J)=SQRT(DSQI 
471 WRITE(6,60)NCPRCB 
60 FORMAT (28H1ATOM DISTANCE CHECK PRQQLEMI8)
4 72 DO 474 1 = 1,NUA T 
4 74 WRITE(6,62)I,(D(I,J ),J=1,NOAT)
62 FORMAT (5H0AT0M13/IICF12.6))
GO TO 90 
u05 WRITE(6,70)N0PR0B 
70 FORMAT (24H0 X MATRIX ERRCR PRCBLEMI8)
GO TO 90 
610 wRITE(6,72)NQPRCfl
XV-3 3
12 FORMAT ( 33H00I AGONAL FCRCE CONSTANT ERROR PROBL EM 13 I
GO TO 90
t,15 WK[TE(6,7AiNCPRCB,NCPr,NCCCfI 
7't FORMAT (14H0CRRGR PRCBLEMIti,5H NOPTI 3 , 5M COOE 13 , 3 H I-I3J 
GO TO 90
0 2 2  WRITF(fo,76)N0PRCB,NCPTrNCCC,JUKE,(NAU ), 1=1,5), ( KOOOFX ( J ) ,  J =  1, 10)
1 , INFJR(K( ,K=1,13)
7o T CRMA T C2HH0ERR0R IN SlIBRCLTINF PROBLEM Id,5H NOPTI3,5H CODE I 3,5H J 
1UKEI3/2 313)
GO TO 90 










DIMENSION EJI3 ) ,DI ICC*100)
DIMENSION X ( 3 , L O'1) , GEM(6 ,2)
CCMMUN 0,1ND,NOPRCi),NOAT ,NCOR,NF,NOPT, NCQD.NA,KOOOFX,NFOK 
COMMON N Z,JOKE,INFRA,X






D J S=0 • 0 
lOo DO 114 M=l,3




D I = SQRT(DIS)
DJ=SjRT(DJS)
COI J = 0.0 
120 DO 124 M=1,3





GO TO ( 1-32 ,13*,, 136,130),NOPT 
132 D X= I « 0
GO TO 140 
134 DX=0I
, GO. Til 140 
13a DX = DJ
GO TO 140 
lJd OX=SyRT(0I*DJ)















g e m i 5,2)=t j i *s i j *o i /dx
GEN11 6 , l »= ( TI J*TJI*OJ*CI)/(DX*DX)
i>FM( o,2 > = -( SI J*SJI40J*DI )/(DX*DX)
15J IE (INFRA) 155,1 55, 151
161 l-.K I TE! t>, 32 ) NQPRCB ,NCPT
32 FORMAT (UH1 GEM PRCBLEMI8 ,10H OPTION 13)
152 00 154 1=1,6
134 l.KITElb, 341 I,(GEM(I,j) ,J = 1,2)
34 FORMAT I4H3R0WI 3/I2F12.6 >)
153 IF I'4 FORI 11-NFOR(2) ) 160, 156, 160 
Iso 00 15 6 1=1,6
GEM I I,L) = GEM(1,1)-0.1*GEM(1,2)
1 3d CEMU,21=0.0 
loj DO 174 1=1,3 
00 174 J=1,3 
K=7-I-(J*(J“ l))/2 
00 174 L=I,2
IF (0.0001-ABS(GEM(KfL)> 1 165, 165, 174 
U j NZ=NZ+1
loo IF (KOOOFX!J)-KCOOFX(I))167,17C.17C 
107 NCI INZ)= KOOOFX(J )
NC2(NZ)=KC00FX(I)

















DI ME NSION EJ(3) ,EK(3)
DIMENSION FL!3),C(10C,100)
DIMENSION X(3,100),TETRA<55,13)
COMMON C,I NO,NOPRCB,NCAT,NCOR,NF ,NOPT,NCOO,NA,KOOOFX,NFOR 
COMMUN NZ,JOKE,INFRA,X
EQUIVALENCE ID I 1 I ,NC 1 (1)),(D!300 1),NC2(1)),(NF0(I),D (6002)),I 






106 DO 10 8 N=1,55 
Un 108 I,13
10<J TETRA(N,M1=0.0 
10* DIS=0 .0 
DJS=0.0 
DK S=0 .0 
DLS=0.0 
114 00 120 Ms 11 3








lc-1 DI = S0RTt01S)
oj=SQRr(ojsi 
Ui<=S|jRT (DKS1
124 DL= SORT( OLSI
1 2 5  DO 1 3  0  M = 1 * 3  
120 E [(Ml= RII M ) / DI
CJI Ml =RJ I M ) /0 J 
EKI M) = RK <MJ/UK
130 EUM)=RL(M)/OL
131 CGSIJ=0.0 
COSIK=0 * 0 
C OSIL =0. 0 
COSJK-0.0 
COSJL = 0 .0
131 COSKL-O.0 
140 Dll 148 M= 1,3
C0SIJ=C0SIJ+EI(M>*CJ(R1 
CllSlK = C 3S IK<-t I (*)*EKtP)
142 C(JSILsCOSlL*£I(M*EL(M>
CnSJ<=CCSJK + EJ(M)*EK<f')
CUSJL=COSJL + EJ( M * E L < M  













lc>2 01 J=SQP T< DI*D I+DJ*0J-2.0*DI*DJ*CCSIJ) 
1 o3 (JlK=SQR7IUl*DH-DK*DK-2.0*DI*DK*C0SIK 1 
01L=SQRTIni*DI+0L*CL-2.0*DI*CL*C0SIL1 
QJK=SQRTIDJ*DJfDK*DK-2.0*DJ*DK*COSJK) 
|JJL = SQRT (DJ*DJfDL*DL-2.0*DJ*DL*COSJL>
JIV-37
16t> QKL=SQRT( CK+DK*DL*CL-2.0*DK*CL*CUSKL )
I oJ SI J =(DI--DJ+COSIJ >/GI J
S J I =IDJ-- o i * c n s u J/GIJ
T I J =0 j*:ilNIJ/ClJ
1 7 J TJ 1 =0 I*!ilNIJ/QIJ
171 S I K= I01 ■-UK*COS IK 1/QIK
SKI =IUK--0I*C0SIK )/ClK
tik=J K * !ilMK/QIK
1 74 T K I =1) i * :ilMK/QIK
1 73 S I  L = t DI--DL*CGS IL I/CIL
S L  1 = ( OL--0 I*COS ILI/GIL
T I L=D L * ! > INIL/QIL
173 T L 1 = 0 I*:>INIL/QIL
179 SJK =(D J --DK*CQSJK l/QJK
S K J  = (L)K-- 0 J * C O S J K J/CJK
TJK=0K*SI KJK/QJK 
io2 TKJ = !>J*SINJK/QJK 
ltJj SJL=(UJ-DL*COSJL>/QJL 






ldd T LK=OK*SINKL/QKL 
190 00 TO (192,194,196,196>,N0PT 
19*: DX 1 = 1. 0 
0X2=1.0 
0X3 = 1 .0 
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TCTRAt25»4)-SKJ*SQRTt T JK*T KJ*DK*CJ) /OX 1 
TETRAt25»lG)=TKJ*SJK*DJ/DXI 





TfcTRAt23 ,9) = TLl*TLI 
TETRA(20,11)=TLJ*TLJ 
T E ERA{28, 12) = TLK*TLK
TETRAt 31 ,3>=SLI*SGRTn[L*TLl*CI*DL)/DX3
TtTRA(31,9) = TLI*SIL*0I/0X3
T E T R A (3 3 ,6 )=SLK*SGRT tTLK*TKL*CL*CK»/DX2
TETRAt33,12)=TLK*SKL*DK/DX2
TETRAt 3A ,5)=SLJ*SQRTtTLJ*TJL*CL*0JI/DXI












TETRAt 42, 13> = ZIKIL/t CX2*0X3) 
TEIRAt43,13)=Zl!<JK/(CX2*0Xi)
TETRAt44 ,1i)3ZIKKL/t0X2*0X21 
T ETRA<45,13 )=YlKJL/t 0X2*15X1)
















TETRAt 55, 5) =TJL«TIJ*DL*0J/(DX1*CX1)
TBTKAt 55 ,11)=-SJL*SLJ*3L*CJ/(CXl#DXL»
TETKAt55 ,13)=XJL/icXl*DXlI 
26J IF (INFKA)26A,26A,261 
2bi Id'K ITE(6»30INQPRC8, NQPT 
AO FCRKAT ( I5hl TETRA PROBLEM 18,10H OPTION 13)
262 DO 263 1=1,55
263 WPITE(6,32)I,ITETRA(I,J) ,J = 1,13)
32 FORMAT (4H0RQWI3/(13FS.5))
2o*t DO 270 J=l,6 
K=J+6
2uj IF tNTORtJI-NFORtK))27C,266,270 
2uu DO 269 1 = 1,55
TETRAt1,J)=TCTRA( I,J )-0 . I*TETRA(I,K)
2oi TETRAtI,K)=0.0 
2/0 CONTINUE 
271 DO 235 1 = 1, 10 
DO 285 J=I,IO 










282 NF ll I NZ) =NFOR t LI
DAT1NZ(NZ)=TETRA(K,L)
203 CONTINUE 






DIMENSION NFO12000),DAT IM (2000)
DIMENSION NA(5),KOOOFX(10)
DIMENSION NFQR(AOO),RI<3)
DIMENSION RJt 3) ,RK< 3)
DIMENSIUN E11 3),6J(3)
DIMENSION EK(3),CR1J(3)
DIMENSION CRJKt 3) ,D IK( 3)
DIMENSION DI100,IOC),Xt3,100)
DIMENSION CIS(15 ,2)
C CMMON D ,I NO,NOPRCB,NCAT,NCOR,NF,NOPT,NCOO,NA,KOOOFX,NFOR 
COMMON NZ,JOKE,INFRA,X
EQUIVALENCE tot I),AC1(1)),101300i),NC2(1)),(NFOI 11,0(6002)),( 
ID(900 3),DATINZ(1)I 
















0 K= S JRT(OKS)
43d Dll 442 M= 1»3 
L- II M>=Rl (PI/DI 
EJ(M)=KJ(M1/DJ 
442 EK(M) = RKIMl/DK
446 CUSIJ = 0.0 
COSJK=D.0
444 DU 446 f-1 = 1, 3
CCSIJ=COSI J-EI C M
44i> COSJK=COSJk-£J(M)#EK(KI
447 IE (1 .U-AflSICOSIJ) >502*502,448 





CR IJ( 31 = fc-I C 1)*EJ(2»-EII2)*EJ( I) 
452 CRJK<1>=EJI2)*EKI3)-EJ(3)*EKI2) 
CKJKI2)=EJ(3)#EK(l»-EJlL)*EK(3) 
CRJKI3I =EJ( n*EK( 2 )-EJ(2 »*EK(ll 
433,CP=0.0








402 GO TO I 464*466,466,4651,NOPT 
4o4 01=1*0
02= 1.0 
GO TO 470 
466 01=01 
D2=DK 





<♦09 D 1= SQRT ( DI*DJ I 
U2= SQK T ( U J*DK)
470 GAM 1 = COS IJ*CUSJK-SINIJ*SINJK*CCST 
GAM?=SINIJ':tSINJK-CCSIJ*CCSJK*CCST 
SIG1=SINI J*CGSJK*CCSIJ*SINJK*CCST 
S I G2 = CG S I J*S INJK + SI M  J*COSJK*CCST
VI K = l 0I-DJ*CUS I J + Di<*CCS I J*CCSJK-DK*S INIJ*S INJK*COST) /Q IK 
VM=I DK-U J" COS J K+D IttCOSI J*CCS JK-D I* SI N IJ +S IN JK*CCST )/Q I K 
AlK=tDJ-Ol*COSIJ-DK*CCSJKI/QIK
UIK=( DI*OJ*SINI J-Dl*CK*S INIJ*C0S JK-DI*1)K*CGSI J*S1NJK*C0ST>/QIK 
UKI = {DK*DJ*SINJK-DI«DKvCOS I J*SINJK-DI*OK*SINIJ*COSJK*COSTJ/QIK
471 CIStl,1)=V!K*VIK
CI S(1,2 ) = (1.0-VIK*VlK)
CIS(2,1)=VIK*VKI 
CIS <2,2)=GAM1-VIK*VKI 






<♦72 CIS(6 ,l) = ViU*VKl
Cl S ( o , 2 ) = ( 1 .O-VKI*VKI)
C I S ( 7 ,1) = VKI *A I K
CIS17,2)=-(CUSJK+AIK*VKI I
C 1 S CH , l )  = V K I - n J l K / O l
CI St 3,2)=-(0I*SIG1*UIK*VKII/O I
CISI9,l)=VKI=UKl/D2
CIS(9,2)=UKI” !QIK/DK-VKI) / 02







Cl 5( 13,2 ) = ( Ul*DI-UIK*UIK-Dl*VIK*QIK)/(Dl*Dll.
CISC 14,1)=(UIK*UKI)/ICl*D2)
CISC 14,2 )-C I)I*0K*GAM2-UIK*UKI )/(Dl*D2)
4 7b ClS(15,1)=(UKI*UKI)/(D2*G2>
4 7o C ISt 15,2 I =1 OK*DK-UKI*UK(-DK*VKI*Cm/( 02*02)
477 IF (INFRA)431,481,470 
470 *K[TE(6,34)NCPRCB,MGPT 
34 FORMAT C23H1THE CIS MATRIX PRCBLEM16,1CH OPTICN 13)
479 DO 490 1=1,15
400 WRIIE(b,32)I,(CISC I,J),J = 1,2)
32 FORMAT (4HOROWI 3/(2F12.6 ))
401 IF (NF0R(l)-NF0R(2)1486,482,486
402 DU 404 1=1,15
CISCl,l)=CIS(t»L)-0.1*CIS(1,2)
404 CISII,21=0.0 
4do DO 500 1=1,5 
DO 500 J=I,5
IV-It-3
K=l6-l— (J*(J—I) 1/2 
DQ 500 L=l,2
IF (0.0001-ABS(CIS (*,(.)> >492,492,500 
492 NZ=NZ+1
IF (K000FX(J)-K000FX( I)>494,496,496 
<♦94 NC1(NZ)=KC90FX(J)
NC 2 (N Z) = K 000 F X (I)
GO TO 498 
496 NCI (NZ) = KOOOFX(t>
NC?(NZ>=KCOOFX(J)
49J NFO( NZ ) = NFOR (L )
DAT INZ(NZ)=CIS(K,L)
500 CONTINUE 





DIMENSION NCI (20001 ,NC2(3C00 1




01 MENS ION El(3 I ,EJC3>
DIMENSION E K < 3 >,CRIJ(3>
DIMENSION CRJK(3),C IK(3)








L = NA(3 1 
' K=NA(4)
636 DIS=0 *0 
DJS=0.0 
o3G DKS=0,0










GO TO (643 ,644,645,6461,NGPT
643 Dl=1*0
02 = 1 .0 
D3=1.0
iv-W*
GO TQ 647 
t>44 Dt = DI 
L>2=DK 
D 3= D J 
GO TO 64 7 
o4d l>1 = DI 
D2=OJ 
D3 = DJ 
GO TO 647 
646 D l=D I 
[)2 = DK 
D3=DI 
o47 COSIJ = 0.0 
CQSJK=0.0 
DO 66 2 M = 1» 3 
o4d EHM»=F.I (M)/DI 
L J(M) =PJ(P)/DJ 
c.bO EK(MJ=RK(M)/DK
COS IJ = COS IJ-EIIM)*EJIM)
632 COSJK=COSJK-EJ(M)*EK(M>
U3J ir (l . O-AHSICOSUI 1729,729*654 
634 IF (I .0-AGS<CaSJK))729,729,fc55
603 SINIJ = 3QRT{1.0-CCSIJ’S'CCSIJ)
SINJK=SOKT< I. G-COSJK*CCSJKI
63 7 CPIJI 1I = EI(2J*EJ(3)'-EI(3)*EJ(2)
CPI J(2)=EI(3)*EJ(1) - E 111>*EJ(3)
CRIJI3)= El(1)*EJI2I-E1I2>*EJ< 11 
6 3o CPJK(l)=fcJ(2)*EK(3)-EJl3)*EK(2)
CRJKI 2) = EJ(3»*EK(1)-EJI1)+EK(3>




662 DU 665 M=l,3 
CP=CP*CR I J(M)*CRJK(M>
604 CPD=CPDfCR IJ(M)*EK(M)






670 GAM2= SINIJ*SINJK-CGSIJ#CCSJK*CCST 
o7i SIG1=S1,NIJ*C0SJK + CCSIJ*SINJK*CCST 




6 7o XIK = (DI*nK*SINIJ*SINJK*SINT»/CIK 
677 A1K=IUJ-OI*CUSIJ-DK*CCSJKI/QIK
6 7o VI K= ( DI-DJ*CUSIJ*DK*CCS IJ*CCSJK-CK+SINt J*S INJK*COSTI/QIK 
6 7 V V K1 = I DK-DJ *CnSJK*OI*COS!J*CCSJK—DI*SINlJ*SINJK*CCSTI/l}IK 
680 U IK= <Dl*DJ*SINIJ-DI*DK*SIN IJ*COSJK-Dl#DK*CQSIJ*SINJK*COST)/Q IK
IV-1&
bbl UKI =U)K*QJ*SINJK-Dl*CK*COS IJ*SINOK-DI*DK*S INI J*COSJK+COST I/OIK 




C I S 13 ,1» = V IK IK 
boy CI SC 3,2 I=-CCCSIJ*AIK*VIK)
C1SI9,1)=VIK*UIK/D1 
bbo CIS<9,2 >=LiIK*(UlK/Ol-VIK}/Cl 
C I SI 5,1)=VIK*UKI/D2 
bo7 CIS! 5,2 ) = -It)K*SlG2*UKl *VIK) /D2 
C 1 S ( 6 , 1)=VIK*XIK/D3 
odb C ISIb,2)=XlK*I0lK/CI-VlK)/03 
CIS(7,Il=VKl*VKI 
co9 CIS(7,Z)=(l.0-VKI*VKI)
C 1 S(3 t1I=VKI*AIK
690 ClS(d,2J=-<COSJK*AIK*VKI)
C I S ( V « I) = V< I dj I K/Dl
691 CISI9,2)=-IDI*SIG1+UIK*VKIJ/Dl 
CIS(10,1 )=VKI*iJKI/C2
o9.; CIS( 10,2) = UKI*(0IK/0K-VKI)/D2 
CIS(li,l )=VKI#XIK/D3 
b'jj Cl SI 11,2) = XIK*(GIK/CK-VKI)/D3 
C I S(12,1 )=AIK*AIK 
6 99 CISl 12,2 )=I .0-AlK*AIK 
CISI13.1 > = AI K*U I K/D1 
6*5 CIS! 13,2»=(UI*SINIJ-UIK*AIK)/01 
CISI19, I )=AIK*UK I/D2 
bVo CIS!19,2)=(DK*S1NJK-CKI*AIK)/D2 
CIS! 15, 1 )=4IK*XIK/03 
69/ CIS(15»2)=-AIK*XIK/D3
C IS! 16, l') = ( UIK*U IK) /( 01*01)
69b CIS(l6,2)=(DI*DI-UIK*UlK-Dl*VlK*QIK)/(Dl*Dl)
CIS I 17,1)=(UIK*UKI )/(01*02 I 
o99 CIS(17,2)=IDI*0K*GAM2-LIK*UKI)/(D1*D2)
• CIStlB,l)=(UIK*XIK>/(Dl*D3)
700 CIS<l8,2) = (ni<‘DK*Al-XlK*UIK)/<DL*D3)
CISI 19,1 I=( UK I+IJKI J/(D2*D2)
701 Cl St 19,21=1DK*DK-UKI*UKl-OK*VKI*QIK)/(02*02)




709 IF (INFRA)709,709,705 
7uy WKITEI6,34>NCPRC0,NCPT
39 FtlRMAT (23HITHE CIS MATRIX PROBLEM 16,10H OPTION I3> ’




710 DO 712 1=1,21
CISI1,1)=t IS( I,l)-0. l*CIS(I,2)
712 CIStI,21=0.0
IV-ij.6
7 N  DU 726 1 = 1,6 
DU 72 6 J= 1» 6 
K=22-l-<JMJ-L)1/2 
DO 72 6 L = 1,2
IF (0.0001-ADS(CIS(K,L))1720,720,726
720 NZ=NZ+1















The only changes in this program affecting the input 
data are on the control card.
Card Column Values Options
Field
1-3 -09 problem indicator
lj-7 NI11T number of internal coordinates
8-11 NF number of force constants
12-15 NS number of symmetry coordinates
16-19 NB number of factor blocks plus 1
20-27 1 punch symmetrized Z matrix
28-31 1 read U matrix from disk
0 read U matrix from cards
32-35 1 write symmetry blocks on disk
36-lf7 " ignore
2j.8-5l 1 read Z matrix from disk
0 read Z matrix from cards
IV-i{.8
DIMENS ICN NR(1200),NC(1200),NFC(120CJ,0Z(1200),NRU( 1200>,
1 NCUl1200),DU( 12001,NRl(1200) ,NCI11200),UU1U200),NKZ(500),
2 NCZI500),Z(500),N3L1101 ),NRS(101),NCS( 101),NFC1 101) ,FS( 1C1)»
3ND1 (2000) , UA( 500) , U( 500) ,FUl 500) ,UF(500), RECORD ( 4C ) ,NB( 20),NR0I4) , 
4 NCIK 4) ,NPI(4),DAT(4)
DIMENSION NSBl(lO)
COMMON NR,NC,NFG,OZ,NRU,NCU 
COMMON OU,NR 1 ,NC1,CUI
tOUI VALENCE (DA,U,UF),(NB1,NRZ), (NBU50 I),NCZ ),1NB11 1002>,Z)
REWIND 16 
. REWIND 17 
VO READ (5,10) IND 
1J FORMAT 1 I 3)
1F( IND+9)90,9 2,90
92 REAO(5,12) I NO,NC,NF,NS,NSB, I NCI, IND2,INOU,IFNSB,IFSK,IFREP,NST,
I INDZ 
12 FORMAT!13,1214)
I F(IND) 93,94,93 
94 CALL EXIT






IF(INDZ.EU.O) GO TO 105 
10* MEAD (5,16)(NKOIL),NCC(L),NPI(L ),DAT(L),L=I,4)
GO TO 106
iua R EAD(17) (NK0(L),NC0(L),NPl(L),UAT(L),L=l>4) 
lo FORMAT(4(314,F8.5)) 
lOo DO 120 L = 1,4
IF(NRO(L)) 122, 120, 108 
luo IF(NRO(L).GT.NQ) GO TC 600 
1J9 IF(NRO(L).GT.NCO(L )) GO TO 600
110 IF(NPI(L).GT.NF) GC TC600
111 IF(DATIL).NE.O.O) GO TO 113
112 DAT(L) = l .0






I FtINDZ.EG.0) GC TO 105 
GO TO 104 
122 IF(NRO(L).CQ.-6 ) GO TO 124 





50 FORMAT (27FII Z MATRIX SYMMETRIZE. N0Z=I4 /(1X,20A4))
WRI TE(6,620)
IV-ij.9
020 FO RM AT I * - ' , LOXf’THE INPUT Z MATRIX I S'/1IX ,211 •-•)//>
WRITE It), 621"I I NR I I I, NC I Il.NFOI I),DZ( I) , I =1, NOZ» 
o 21 F0RMATI6I JX,3I3,F9.5U 
N0U=0 
NX= 1 
US 0=0 • 0 
WRITEC6,622)
I F(INOU.EC.0 I GO TO 130 
129 READ 116) (NRO ID .NCOtU tOAT (L ) ,L = 1 ,4)
GO TO 131
1>* READ <5 , If!) (NROIL ) ,NCO!L ) ,CAT (L) ,L=i,4) 
lo FORMAT( 4 (2 I 3iF L 2 . 6 )) 
u22 F O R M A T ! 1 0 X ,  'THE UNNORMAL IZEO U-MATRIX I S ■ /11X, 2 81 * - * )//) 
WRITE 16,62i) (NR OIL),NCO(L), DAT(L),L=1,4) 
o2J F0RMAT!20X,4(214,F10.51)
1J1 DO 150 L = 1, 4
IF(NRUIL)) 152,150,LAC
140 lF(NS-NROIL))605,141, 141








NCUt ’JOU ) =NCO IL )
OUI N(JU) = DAT (L ) 
lsU CONTINUE
IF! INDU.GT.O) GO TO 129 
GO TO 130 
152 IF(3*NRQ!L))605,154,6C5 
154 DA!Na )= 1.0 / SORTIDSQ)
IF!NS-NXJ605,156,605 
15o D‘J 158 1 = 1,NOU 











IF!1FNS0 .EQ.O) GO TO 185 
READI5,201 (NS81(I) , 1 = 1,NSB)
165 READ !5,20)(NB!I),1 = 1, NSB)
2D F0RMATI24I3)




DO 190 K=I» NO Z 
If(NO-NFOIK))190,108,190 
Idj NZ=NZ+1
NRZ t N Z )= N K (K )
NCZ ( NZ) = NC ( KI 







NUT = 1 
NUB=1 
NJ = I 
2 00 NP=NB(NL)
NT=Nri(NX)
20o DU 238 1=1,NO
fu(n =0 .o
200 U(I)=0.0
00 250 K=NUfl,NOU 
IF (NRU(K)—NJ) 2 40,248,240 





244 FU( J)=FO(J)*-Z(L)*U(II 
24u CONTINUE 
GO TO 252 
c4d J li= NC UI KI 
25u U( JU) =L)U( K )
252 NUB=K
DO 254 1 = NJ, NS 
254 UF ( M=0.0
* ASSIGN 262 TO JCKE 
DO 265 U = NUT,NU 
GO TO JUKE,1262,264)
2c2 IF(NH1(L)-NJ)6l9,2fc4,263 
260 ASSIGN 264 TO JOKE 
NWY =L 
264 1=NR1C LI 
J = NCi(L >





271 WRITE (6,72 )NJ,J
72 FORNAT(40H0 ERROR,ERRCR,ERROR- Z NOT FACTORING.ROW 14,7H COLUMN 14)
272 NE = NE*1
IF(10L-NE)273,272,274 
270 WRITE (1)(N0L( I),NRS(I l,NCS( I),NFC(M,FS(I ), 1=1,1001
NREC=NREC*1 
NE = 1
27* NRSINE)= NJ-NP+l 
NCSINt)= J-NP-t-l 
NBL ( NEI = NL 
NFC(NEI=NC 
F SI .’ME )=UF( J>
2B0 CONTINUE 
NJ=NJ*1




290 NO=NO + 1
IF(NF-NO 1295,186,136 
295 IFINREC1296,296,298 
29o N0Z = 0
GQ TO 321
293 WRITE ( I MNBLt I) »NRS( I ),NCS( It,NFC (I) ,FS(I ) , 1 = 1 ,NE)
i0J REWIND I
302 DO 312 L=1,NREC
READ (1 I(NBLII)»NRS(I ) ,NCS(I),NFC I I),FSI I) , I- I >100) 





NFOI NZ )■= NFCIK I 
J U  0Z(NZ)=FS(K1 
NOZ=NZ 
315 IF(NE)330,330,320
32J READ (11(NdLII),NRS!I),NCS(I),NFC( I > * FSI II,I=l,NE>
321 DO 32* K= I»NE 
N Z=NGZ+K 






I JQ = l
331 NT=0 
NX=0
332 WRITE I 6 ,6a)IND,NSO,(RECCRDtI 1,1 = 1,12) 
a* FORMAT(2HWDI3,15H I MATRIX BLCCKI 3,12A*)
IF(IFNSB.EQ.O) GC TC 335 
. IFINSO.NE.NSB11 IJG)) GO TQ 335 
NZ2=NZ+l 
NRINZ2) = -5 






334 WKI TE C151 ( NR ( I) ,NC ( I) ,NFO( I), DZ ( I), I=N Z4f NZB)
00 333 I=NZ4,NZ8
1F(NK CI).LT.O) GO TO 335 
33J CONTINUE
NZ4 - NZ4 + 4 
NZB = NZB + 4 
GO TO 334 




33/ WRITE (6 ,6b)( NR S(L),NCS(L),NFC(L),FS t L ),L=L,100) 
o09 1 F( IND2 . EO.O) GO TO 607
W R IT E (7,66)(NRS(L ),NCS(L ),NFC(L),FS(L ),L = 1,100) 








IF(NX)344,344 ,34 2 




NFC(NX2 ) = 0 
F S(NX 2)=0.0 
lo06 IF( INU2..EQ.0) GO TO 60B
WRITE(7,66) (NRS( I),NCS(I ),NFC(I),FS(I),1=1,NX 2)
606 NT=NT+NX 
344 WRITE (6,76)NT 
76 FORMA T(2 HWO,5H N0Z=I4»





1609 IF(IN02.EO.O) GO TO 606
WRITE(7,66) NRS(1) ,NCS(1),NFC(1),FS(1) 
b06 NS0=NS0«-1
1 jg=i j q+ i
IF(NSB-NSO)90,90,331 
600 WRITE (6,56)L*NRQ(L),NC0(L),NPI(L),DAT(L) 
bo FORMAT(23HO Z MATRIX ERROR FIELCI3,6H REACS314,F12.6)
GO TO 90
60s WRITE (6,58)L,NRC(LI,NCO(U,DAT(L)
56 FORMAT(23HQ U MATRIX ERRCR FIELC13,6H REACS2I4.F12.6)
GO TO 90 
619 WRITE(6,659)
659 FORMAT!,5X,'THERE IS AN ERROR ASSOCIATED WITH THE U-MATRIX, PRO
IV-53
































write out result of L~'GFL
read Z matrix from cards
read Z matrix from disk
read G matrix from cards
read G matrix from disk
read in difference limits
assume limits = 1.0 cm
form significance matrix
read in force constant numbers to 
be used in the significance matrix
use all force constants in the 
significance matrix
dead ROZ
iJOZ —  the number of Z matrix elements
c. Read RECORD
RECORD —  literal data
d. Read 1J, LL, NPERT, NFO
N -- number of normal coordinates
LL -- number of force constants entered 
into J matrix






NFO -- number of force constants
e. Read row number starting each symmetry 
block
f. Read force constant numbers to be entered 
into J matrix
g. NR, NC, NOP, Z
NR row number of F matrix
NC —  column number of F matrix
NOP -- Urey-Bradley force constant number
Z -- Z matrix element
h. Read initial force constants
i. Read force constant labels
j. Read PHEEP, ISOP, NFREQ,, AMT
PHEEP -- force constant number, to be 
incremented if ISOP > 1
ISoP —  number of increments for a given 
force constant PHEEP
NFREQ —  number of observed frequencies
AMT —  amount by which force constant 
PHEEP is to be incremented
lc, Read symmetry coordinate labels
1. Read G- matrix
m. Read difference limits
n. Read observed frequencies








2 (1 OAij.) 
OF 10.6 
8F 1O.6 
8F 10. fc> 
20Ii|.
IV-56
The main program listing is followed by all of the 
subroutines it calls. Many of these subroutines are writ 
ten both in Fortran and in Basic Assembly Language. The 
listings of the B.A.L. subroutines are in Appendix 1B.
iv-57
t
REAL * B L AiiPHE
I) I MENS I ON NFC(100) ,PHEEI 1001,NQPHEE(I GOO),Z(1000) ,NRF(1000) 
DIMENSION NCF(IOOO),LAHPHE( 100 ) ,PHEE1(100)
01 MENS I UN RECORD(20>.Zl(30,30 ), SYM(3C,3C I ,F( 30,30) ,0(9001 
DIMENSION E ( 900 1 ,FREC(30 ),XL I3C),EXFREQ(30),B(30),XM(30)
DIME MS 1 ON XX (30) ,XY(30) , FM2( ?0,30)
DIMENSION FN1(301,FN2(3C1,FRE01(301,FKEQ2{301,FREQ3(30) 
DIMENSION XLX(30 ,30) ,QMM2(30 ),FREQ4(30),EPOT(30,30),EG(30,30) 
01 MENS I ON ALFG(30 ,30),ALFGL(30,30),CMLFGL(30,30),FGI 30,30) 
DIMENSION XLX3 ( 30,30 ,ALIM30)
DIMENSION AJ(30,30),XJ(30,30),DJ(30,30),B1(30,30) ,B2(30,30)






R tWI NO 13 
REWIND 10
11 R E ADI 5, 5 ) INDl,IN02,IND3,[NOG,INOL,NTESTt,NTEST2 
j FORMAT(1012)
1F(INOl.LT.O) CALL EXIT 
IF(1N03.GT.0) GO TO 606 
SOo READ!5,36) NUZ 
NQZl=NOZ + I 




KEAD(5,15) (NROW(I) ,1 = 1,5)
WRITE (6,1302 ) NUMB 
802 FORMAT(• 1 THIS IS THE MOLECULE NUMBER',13)
NUMB=NUMB+- 1
R E AD(5,36) (NFC(I 1,1 = 1,LLI
3? FORMAT! I 0(214) )
IF(IND3.EC.C) GO TO 34 
NOZ = 0 
NZ4 = 1  
NZB = A
131 KEADI15) (NRF( I) ,NCF( I),N0PFEE(I),Z(I I,I=NZ4,NZ8)
DU 133 l=NZ4,NZ8
IF(NRF( I) .EQ.-5) GO TO 38
NUZ- = NUZ *■ 1
133 CONTINUE 
IF1NOZ.GT.500) GO TO 132 
NZA = NZ4 + A
NZB = NZ8 + A 
GO TO 131
34 KtADI 5,134) (NRF(I),NCF(I).NCPHEE(I),Z(I),1=1,N0Z1»
134 FURMAT(4(31 3,F11 ,6 I )
39 DO 33 1=1,NOZ1




37 mRMA TI ///»• Z MATRIX RE AO 1 KG ERROR, JOB •TERMINATED',//) 
CALL EXIT 
33 CUNT INU E




R CADI 5,20 CI PHEEP,ISOP,NFREQ,AMT 
200 FUKMAT ( 314 ,F10.6)
RE ADI5,BA fa) ( tSYMII,J),J = 1 ,10),I=I,N)
64o FURMA T(2 I 10A4I)
IFlINPG.EQ.O) GO TO 601 
REALM 10 1 (I CGt I, J) , J=1,N) ,1 = i,N)
GO TO fa 02
uOL READ!5,4b)IIEG1 I , J>,J=1, N ) ,1 =1»N>
o 02 CALL AK A YI 2,N ,N ,NDIM » EG)
NN=N’*N
DO 33 0 I=1,NN 
33 j G( I ) = EGt 1,1)




DU 905 I = 1,NN 
E d  ) = G( I )
F^II,1)=F(I,1)
90S r M 31 I ) = FI 1,11
DO tl58 1 = 1, NFREQ 
6bd ALIMlI 1 = 1.0
IF(INDL.NE.O) GO TO 857 
R CAD(5,2) (ALIM(I),1=1,NFREQ)
d j 7 R t ADI 5,2‘) ( EXFREQI I) , 1 = 1 ,KFREC)
2 FORMAT(8F10.6 I 
2 1G DO 900 IJK=1,ISOP
PHEEIPHEEP)=PHEEIPHEEP)+AMT 
. IF l IJK .EQ.l )G0 TO 654
CALL FC3NST(NRF,NCF,NCPHEE,PFEE,I,NOZ,N,NROW,F)
UO 73 1 = 1,NN 
FM2II,l)=F(I,l)
73 CONTINUE
READ!5,36) I IF INC I I),1*11NFC I 
DO 75 1=1,NFO
I FI IF INCH).EQ.O) IF INC! I )=NF0 + 1 
lj CONTINUE
DC 76 1=1,NFO 
DO 76 J=I,NFO
I FI IF INCI I),LE.IFINCIJ)) GO TO 76 
I T= IF INC I I >

























WRITE! (6,7031) ( RECORD I 111) ,11 1 = 1,20)
FukMAT(it!»2X,20A4)
WR1TE(6,760)
FORMAT!//,' THE SYMMETRIZED Z MATRIX IS'/I 
WRITE (6 , 761) (NRF! I ), NCF (I ), NOPHEE (I), I ( I), 1=1, NOZ I)
FORMAT!0(313,Fll.6)>
WRITE<6,801)
FORMAT!//,• THE G MATRIX IS*,/)
DO d04 1=1,N
V.RITl IO, 803 ) (EG! I,J),J=1,N)
FORMAT!5X,15F8.5)
WRITe(6,706)
FORMAT!///,• THE TRIAL- UREY-BRACLEY FORCE CONSTANTS WITH APPROPR 
HATE LABELS ARE',/)
WRITE!6 , 707) (LAOPHEC I),PHEE(I) , 1 = 1,NFO)
FORM AT (4X ,'*',2X,A8,F10.6,4X,'*',2X,AB,F10.6,4X,'*',2X,A8,F10.6,
1 4X,'^t,2XiAafFlC.6,4X,'*',2XtAB ,F 10.6/4X , ,24X , •* • , 24 X , • * • , 24X ,
2 24X,•*', IX)
CALL ARAY(l,N,N,NCIM,F)
W R I T E (6 »806)
FLIRMATC///, ' THE TRIAL F MATRIX LABELED WITH SYMMETRY COQRDINAT 
1ES IS',/)
DO 80o 1=1,N
WRITE(6 ,6*8 ) (SYM( I,KJ),KJ=1,10>,<F(I,J >,J=1,N )
FORMAT!I X,10A4, 15F6.3/41X,15F6.3/41X,15F6.3)
00 350 I = 1, N




DO 65 1=1,NN 
G! I)= E( 11 
F ( I ,1)=FM2( 1,1)
CONTINUE 
00 651 1=1,N
IF!XL(I).LE.O.O) GO TO 652
CONTINUE
GO TO 65 3
„RITE16,654) !XL!I),I=1,N )
FOkMAT!///,* THE RUN CN THIS MOLECULE WILL TERMINATE HERE DUE T 
10 A NEGATIVE EIGENVALUE OF THE FG SECULAR EQUATION'/' THE EIG6N 
2VALUES ARE'/(10F12.6))
CALL ARAY!1,N »N,NO IM,XLX)
CALL ARAYIl,N,N,NDIM,F)
WRI TE ( 6,656)
FORMAT!/,' THE EIGENVECTORS ARE',/)
DO 655 1=1,N
WRITE16,801) (XLXII,J>,J=1,N)
DU 670 I=1,N 
00 670 J=I,N




b71 w KITL(6,8C3) !EP0T(I,J) ,J=l,M 
CU TU 10 
o53 CONTINUE
DU 6031 1=1,N
FREQ! I)=1303.l6*SQRT<XL( I) 1
6-JUl CONTINUE
DO 311 1=1,NFREQ 
all Q'-'M2( 1 )= EXFRCQ! I )-FREQ( I )
IF< N-NFRFQ1 22 6,22 6,215 
213 NF = NFKEQ*-1
DD 220 I=NF,N 
EXFKEQ!I(=0.0 
UMM2I 11 = 0.0 
UMM1!I)=0,0 
22l> XXI I)=0.C 
22 o WRITE(6, 807)
607 FORMAT(///,' THE RESULT USING THE TRIAL F MATRIX IS',/)
0RITEI6 ,8C8 )
dUd FORMAT (2 SX, • OBSERVED* ,25X,•CALCULATED• , 2 5X , • OIFF ERENCE ' »7X, 'OIFF.L 
11M1T' ,/)
DO 81P 1=1,N
o IJ nRITE(6,809)I,EXFREGII),FREQ(I),QMM2(I),ALIMt I)
309 FGRM4TI15X,I2,^( I , F12 .6 ,2 3X, F 12 .6 ,2 3X , F 12 .6 , 7X, F10. 5)
225 DU 631 1=1,N
XY(1) = ((EX FREQ!I))/l303.16l+*2 
o31 CONTINUE
DKITE(6,915> NPERT 
915 FORMAT 1'0 THE MAXIMUM NUMBER OF ITERATIUNS IS',14)
CALL ITER(NRF,NCF,NCPHEE,PHEE,Z,NCZ,N,NRUW,F,G ,XM, XLX3, AJ ,
1NDIM,XL,LL,E,NFREQ,NFC,BJ,B2, FN 1 ,FN2,B3,NPERT,XX,XY,FREQ3,
2FKEQ2,JMM,NTEST,XL X1,FPEQ4,QNMI,NFC,PHEE1,ALIM,FM2,Bb,JQI,
3 XL X, J Q)
CALL A,< AY ( 1,N,N,N0IM,FM2 )
CALL ARAYt1,N ,N ,ND1M,XLX1)
491 WRITE(6,831) J01
831 FORMAT!/,• THE NUMBER OF ITERATIVE CYCLES ACTUALLY PERFORMED IS', 
114)
bt W<?ITE(6,312> JQ
812 FORMAT!//,• THE BEST FIT OBTAINED ON ITERATION NUMBER*,14)
OKITEI 6 ,8C8 )
DO 313 1=1,N
813 WRI TE. (6,809) I , EXFRECI I ) , FREC4 (I ) , QMM1 ( I ) , AL IM ( I )
WRITE(6,014)
314 FORMAT!///,• THE COPPESPONOING F MATRIX WITH SYMMETRY COOROINATE 
IS IS',/)
DO HI 5 I = 1,N
313. WPITfc (6, 848) ! SYM ( I ,KJ ) ,KJ= 1,10 I , ( FM21 I, J ), J= 1 ,N I
IF (1ND1)342,842,841 
341 VJRITE(6,816)
8 lo FORMAT!///,• ThE CCRRESPONOING L MATRIX IS',/)





DU 870 I =1, N 
00 370 J = 11N 
67J XLX3<I,J)=XLX1( I» JI





DU 827 I=1f N 
DU 827 8*1,N 
6^ 1 CMLFGL! I * J) = 1303.16*SCRT,( AGS CALFGLC I,J) » >
WRITEC fa, 837»
637 FORMAT!//, • THE LFC-L MATRIX IS*,/)
00 838 1=1,N
oiJ wkl TIE t fa, 7803) ( CMLFGL ( I , J ) , J= 1, N )
7303 FORMAT!5X,I5F8.2) 
ii‘t i  DO 825 1=1,N 
00 32 5 J = 1,N
TEMI‘=<FRECMJ)/1303.161**2 
8 2o EPOT! 1, J)=FM2C I.I l*(XLXlll,J)**2)/TEMP
WRITE Io,818)
318 FORMAT!///,• THE POTENTIAL ENERGY DISTRIBUTION IS *,/>
DO 819 I = 1 , N 
31* WRITtHfa, 7034) 1,(EPCT! I,J),J=1,N)
70 8'* F0PMATC3X, I 2, 15! F3.3)/5X,15 IF8.3) )
,.RI TE(6 , 851)
851 FORMAT(//,• THE BEST FIT UREY-BRADLEY FORCE CONSTANTS WITH THE A 
1PPRUPRIATE LABELS ARE•//5(AX,’LABEL',O X C O N S T A N T •)/)
WRITE 16,707) (LABPHE!I >,PHEE I (I),I = 1,NFO>
DO 853 1=1,NFO 
633 PHtEI I) = PHEEl(I)
IF(NTESTl.EQ.O) GO TC 878
CALL SIGMF(NOPHEE,PHEE,Z»NRF,NCF,F,N,NOZ, NFC,NFREQ, FREQA,
1 G,E ,XL,XLX,XY,NTESTI,LABPHE,NROW,IF INC,QMM2,NTEST2)
878 WRITE16,852)
6 32 FORMAT I///, 2X, HOC •- • )/2X, 110 (* * *) /2X, 110 C • -• ) / )
900 CONTINUE 
10 CONTINUE 
GO TO 11 
■ END
IV-62
SUB ROUT INE ITER (NRF, NCF, NCPHE E, PHE E, Z, M(JZ, N, NROW ,F ,G,XM, XLX3, AJ, 
1 NO IM,XL ,LL,E,NFREC,NFC,B4,I12,FM,FNI,B3,NPERT, XX,XY,
2FKFU3, FREUZ ,QMM, N TE S T , XLX I ,F REQ4 ,QMM I, NFC, PHE El, ALIM,
3 FM2,B5,JQ1,XLX,JC)
DIME IMS I UN NRF (2b) ,NCF( 26) .NCPFfcE (26) ,PHEE( 7) ,Z(26),F (1),G(1> ,
1 XM(6 I,XLX 3( 6 ),AJ( 6),XL(6),k( 6 ),NFC(6 ) , BJ( 6>,B2( 61,
2 FN1(6),FN2<6|,63( 6 ),XXtfa),XY(6 ),FREG3(6 ),FREQ2(6 ),QMMI6 ),
3 XL X I ( 6),FRE34(6) ,QMM116) ,PHEE1(7I ,ALI)M6 ) ,FM2( 6>,B5( I),




DO 49 KK = 1,NPERT
CALL JMAT(NRF,NCF,NCPHEE,PHEE,Z,NOZ,N,NROW,F,G,XM,XLX3,







IF(NTEST.LT.O) GO TO 54 
660 IF(KK.NC.l) GO TO 6CC3 
00 6004 1=1,NN 
oOU^ XL X 11 I )= XLX( I )
00 6091 1=1,N 
F RFQ4 (I) = FREQ3I I )
6091 Q.*1M1( I I= QMMI I )
00 6016 1=1,NFO 
PHtEK I )=PHEE( I)
6016 CONTINUE
GO TO 6006 
oCiuO DO 6007 1=1,NFREQ
IF(AL1M( I).GT ,ABS(QMM< I))) GO TO 6007 
6009 IF(ABS(QMM( I))-ACS<GPP I(II)) 600 7,6006,6006 
60^7 CONTINUE 
JQ=KK
00 6008 1=1,NN 
XLXl( I )= XLX(1)
6008 F M2(I) = F( I)
DO 6017 1=1,N 
UMMK I )=QMM( I ) 
b O U  FREQ4(I>=FRE«3(I) 











1003 OQ 1002 1*1,LL
I F (0.L-ADS t 05(I))) 10C1, 1002,1002 
1002 CONTINUE
GO TO 1241 
1001 00 1000 1=1,LL 
iOOG b5(I)=ld5(l) 1*0.1 
00 10 04 1=1,LL
IF(0. 1-A13SC85I I)) ) 100 3,1004,1004
1004 CUNT INUE 
1241 DO 63 1 = 1,LL
PHEECNFCC 1))*PMEE(NFC( I) 1*05 II> 
o3 CONTINUE
CALL FCQNST ( NRF ,NCF»NCPHEE,PFEE» Z, NOZ, N, NROW, F1 
DO 64 I = 1, NN 
64 XL X3(I I = F U  )
CALL NRCOTE1N,NROW*F,G,XL*XLX)
DO 66 1=1,NN 
F (I 1=XLX 3(1)





SUOKUUTINE J M A T U N R F , KCF,NCPHEE*PHEE, 2 , NOZ, N , F , G , X M, XLX, AJ,  NOI Mt XL 
1 » L L , E f NFUE<;,NFC>
DI MFNSI UN NOPHEE( 5 0 0 ) * PHEE* I CG)  , Z < 5 0 0 ) , NFC( 1 0 0 ) , NRF( 5 0 0 > , N C F <5001  
0 I MEN SI  ON E ( N O I M , N O I P I  
DIMENSION F ( N D I P . N C I M )
C'irifcNSION XM(NDIM)
01.PENSION XL( NDI M)
DIMENSION AJ ( NOI M. NDI P )
0 I i-'.ENS ION G ( N C I M, N C I P )
DIMENSION XLX M C I M , N D I M |
MQ = LL + 1 
JJ  = 0 
11 = 1 
11 TEMP=PHEE (NFC(I I ))
PHEE( NFC( ( I )  ) = P H E E ( N F C ( I  I ) ) + 0 . 0 1
CALL FCJNST(NRF, NCF»NCPHEE. PHEE*  Z»NOZ, N, F)
PHEE( NFC{ I I ) ) =TEMP
CALL NPOOTINt  F,  G, XH, XLX)
DO 67 I = 1»N 
DO 67 J = 1 iN  
G< I , J )  = E ( I . J )
67 CONTINUE 
JJ = JJ + I  
00  13 J I = 1,  NFREQ
AJ( J 1 , J J )  = A L C G ( X M ( J I >1- A L C G ( X L ( J  ( ) )
13 CONTINUE 
1 1 = 1 1 + 1








DIMENSION FREQ'3 INCIM ) ,FREQ2(NCIM )
DIMENSION QMMJNCIMI 
M E  ST= 1 
DO 31 I = 1 * N
FREQ3!I 1 = 1303. 16*SQRT(A0S(XL(l)>I 
FREQ2(I)=1303.16*SCRT(ABS!XY!I)I)
QMMM ) = F R E Q 2 ( I ) - F R E Q 3 ( I)
31 CONTINUE
DO 10 1=1, NFREQ 
I F I XL I I ) .LE.O.O) GO TO 12 
1U CONTINUE .
GO TO 15 
12 WRITE(b*lA) I,XL! I )
1* FORMAT!//,• THE VALUE OF AN INTERMEDIATE EIGENVALUE WAS LESS TH 
IAN OR EQUAL TO ZERO AND THE ITERATIONS WERE DISCONTINUED'/* THE 
2VALUE OF XL!',12,1) WAS',F12.6I 
N T EST =-1 
RETURN 
15 CONTINUE
DO 60 32 1=1,NFREQ 















DIMENSION A(l) ,Bt II ,XUL) ,X( I)
DIMENSION NROW(l)
K = 1
DO 100 J = 2,M 
L =M*(J— 1)
DO 100 1=1,J 
L=L + 1 
K=K+1 
100 b(K)=0(L)
THE MATRIX 6 IS A REA.L SYMMETRIC MATRIX.
MV=0
CALL EIGENEIB,X,M,MV,NRQW)
FORM RECIPROCALS OF SQUARE ROOT OF EIGENVALUES. THE RESULTS 
ARE PREMULTIPLIED BY THE ASSOCIATED EIGENVECTORS.
L=0




DO 115 J=1 * M 
DO 115 1=1,M 
K = K + 1 
115 U( K ) = X I K )*XL(J )
FORM IB**(-1/2)>PR1ME * A * (6**1-1/211
DO 120 I=I, M 
N2=0
DO 120 J= 1, M 
N 1=M* CI - 1 J 
L=M*IJ-l)M  
X(L)=0.0 





DO 130 J = 1, M 
DO 130 1 = 1, J 
Nl=I-M 
N2=M*IJ-ll 
L = L+-1 
AIL)=0 .0 












00 140 I — 1»M 
L=L +1 
1*0 XL(I)=A(L)
COMPUTE THE NORMALIZED EIGENVECTORS
00 150 1=1,M 
N2=0
DU 150 J= I, M 
N1=I-M 
L=M*(J-l)«-I 
A {L ) = 0 • 0  
DO 150 K=1,M 





















on 20 J = 1 , N  
1 0= 1 ll+N 
DO 20 I = 1 ,  N 
I J = W * I  
R(IJ)=0«0 
I F ( I - J >  2 0 , 1 5 , 2 0  
15 R (I J)=1.0 
20 CONTINUE
COMPUTE INITIAL AND FINAL NORMS (ANORM AND ANORMX)
25 ANDKM=0.0 
DO 35 1=1,N 





IF IANORM) 16 5,165,40 
40 A NORM=1♦4 14*SQ3T(ANORM)
ANRMX=ANGRM*l.0E-12/FLCAT IN)




50 L= 1 
55 M=Ln










I F(X) 70,75,75 
70 Y=-Y
75 SINX=Y/SQRT12.0*(1.0*ISQRT11 ,0-Y*Y))1)















DO 12b 1=1,N 
IQ= t1*1-1)/2 
' IF<I-L) 80,115,80 
bU I F ( I — M ) 85,115,<50 
o5 IM=I*M0 
GO TO 95 
^0 IM = M M Q
95  I F U - L )  1 0 0 , 1 0 5 , 1 0 5  
1 GO I  L = I  +  L Q
GO TU 110 
103 1L = L H 0
il>- X=A( 1 L)*CCSX-A< IM)*SINX
A ( IM) = A ( IL ) *SINX + A ( IM)*COSX 
AllL)=X 
113 IF(m v-1) 120,125,120 
120 ILR=IL()M 
I MK = l MQt- I
X = R ( I LR ) * C G S X - M  1 MR) +SINX  
R ( I M S )= P ( I L R ) * 5 I NX* R ( IMS)*COSX  
r< ( 1LR)=X  
123  CONTINUE
X=2.0*A(LM)*SINCS 
V = A I L L ) -!'CCSX2+A<*M)*SIRX2-X 
X = A( LL ) -’* S IN X 2 ♦ A ( MM I *CCSX2*X
A ( L M) = ( A ILL) “A (MM) ) * S INCS *■ A ( LM I * ( C05X2-S INX2 ) 
A ( L L ) = Y 
A ( M M I = X
C
C TESTS- FOR COMPLETION
C
C TEST FOR M = LAST COLUMN
C
130 IF(M-N) 135,IA0,135 
133 t'=M+l
GO TO 60
TEST FOR L = SECONO FROM LAST COLUMN
l'O IF(L-< N — 1» ) 14 5,150,145 
143 L=L+L
GQ TO 5 5 
150 IF(IND-l) 160,155,160 
155•IN0=0
GO TO 50
COMPARE THRESHOLD hITH FINAL NORM
160 IF(THR-ANRMX) 165,165,45 
C
IV-70






I F (r-4C (11 > . 60 .0 » N2 = N-1 
Nl=NC( I 1
IFIN2.LT.Nil GO TO ill
N4=N2+1





00 104 K=N3,N4 
Kl=(K+K*K)/2
IF(A(KT).GT.A(Kl)1 GC TO 104 








DC 106 I 1 = 1,N 
TFMP = MN5)
R(N5)=RIN6)










UI MENS ION NRF(500),NCF(500) ,NDPHEE(500),PHEE(500>,Z(500),F(20,20) 
DO 4 1=1,N 
DO 4 J= 1, N 
^ FI I,J) = 0.0 
00 5 1=1,NOZ
5 F(NRF( I ),NCF(I) )= F(NRF(I),NCF(I))+1(I)*PHEE(NOPHEE(I))
DO 10 1=1,N 























TEST TYPE OF CONVERSION
I F t MlTDC — 1J 100, 100, 120
CONVERT FROM SINGLE TO DOUBLE DIMENSION
100 IJ=I*J+1 
NM=N*J+1 
00 110 K = 1,J 
NM=N,JI-NI
00 110 L=1,I
1 J = 1J — 1 
NM=,\IM-l
110 L) ( N M ) = S { I JI 
GO TO 1*0
CONVERT FROM DOUBLE TO SINGLE DIMENSION
120 IJ=0 
■ NM=0
00 130 K = 1,J 









Sim ROUT INF  S I G M F ( N C P H E E , P H E E , Z , N K F ( NCF,  F , N , NC Z , N F U ,NFREC,FREQ4,
1 G,E, XL, XLX,XY,NTE5T1»LABPHE *NRGW, IF INC f QMM2,NTE S T2 ,NPUN)
REAL *8L ABPHF
I) I MENS I ON PHEE(100)»Z C500),NCPHEEI 500>,NRF!5001 ,NCF(500),F (30,30), 
10 19C3 J,CI900),XL!30) ,XLX( 30, 30) ,XY!30) ,LABPHE140),FREQ4130)
U1PFNSI ON SI CNF(30),NRCW15)
UIMLNSIGN IFINC( 1) , QMM21 I)
NN=N*N 
45 WRIIE(6,50)
30 FORMATt///5X,'THE NUMBERS IN THIS SIGNIFICANCE MATRIX ARE THE CHAN 
IGFS IN THE FREQUENCES DUE TO A CHANGE CF 0.01 IN THE U.B. F. CONST 
2ANTS' //15 X,'FREQUENCES',/)
W R 1 T t < 6 , 6 8 5 )
WRITE(6,65) (FREC4(I),1=1,N) 
bd‘j FORMAT! I7X,' 1* , 6X , • 2 • , 6X , ' 3 « , 6X,•4•,G X ,'5' ,6X,'6' ,6X,'7' ,6X,
1 '8',6X,'9!,5X, • 10',5X,' II',5X,'12', 5X , • 13•,5X,• 14' ,5X,'15',1X) 
dD FORMAT!T120,'U.B.F.C.',Tl5,l5(F6.i,lX)/l4X,15(F6.1,lX))
WRITE(6,6 86) (0MM2I I),I-1,N ) 
ottb FORMAT (2X, • DIFFERENCES'/’T 15, 15! F6.1, IX)/14X,15(F6. 1, IX) )
IZ = 1
DO 10 I K= 1,NF0 
I N=0
IF(NTEST2.E0.0) GO TO 13 
IF! IF INC! IZ).NE .IK) GO TO 10 
IZ=IZ*1 
13 TEMP=PHEE<IK)
IFIPIIEF! IK) .GT.C) GO TO 15 
PHEE!IK)=PHEE( IKI+O.Ol 
13 CALL FCONST(NRF,NCF,NCPHEEfPHEE,Z,NL)Z,N,NROH,F)
CALL NRCFITE 1 N ,NRGW , F ,G, XL, XLX)
DO 20 I=1,NN




00 25 I = 1»NN 
23 G (I) = E!1>
DO 35 1=1,N
SIGNF!I) = 130 3.6l*(SCRTIABS!XYlI)»)-SQRT!ABS(XL( I))))
IF!XL II),L T.O,0) XL 11) = -XL ! I)
IF(XY(1).LT.O.O) XYII)=—XYC II 
33 CONTINUE 
IN=IN+l
IF!IN.GT.l) GO TO 66 
61 WRITE(6,7C)
WRITE I 6,60) TEMP,IK,LABPHE(IK),(SIGNF(J),J = I,N)
IF(NPUN.EQ.O) GO TO 67 
W’RITEC7,71) < SIGNFCJ ),J=1, 15)
71 FORMAT!8F10.6)
1F(N.EQ.15) GO TO 67
«R I TEI 7,71) !SIGNF!J),J=16,30)
GO TO 67 
66 WRITC(6,62) (SIGNF!JI,J=1,N )
IV-74
o 1 I F ( IN.e.J.NTESTl) GO TO 30 
Gw TO 21
00 KIRIBATI T1 20, F8.5fT2,I2,lXtA8,» I •,15(6X,•I•),T15,1 5(F6.2,•I•)/13X, 
1 • I • , 15(6X,« I • ) ,U5, 15IF6.2, • I* > )
01 FORMAT I 13X, • I • , I 5 ( OX, • I* ) ,T15,15(F6.2, ' I ' ) /13X, 
l'i*,l516X,M'),T15,15«F6.2,'I'»)
/J FORMAT(13X,**' ,15(6t*-,),,*,l)






This program is used to initially sort out the poten­
tial energy distribution weightings of the normal coordi­
nates, The input data is identical to that of BRADPERT.
IV-7 6
REAL ’"RL A6PHE
IH MENS I (JIM G (900 >, PHEE ( 100 ),NRF( 1000), NCF< 1000),N0PHEE11000) 
DIMENSION Z <10001 ,NR0M5> ,FN 1 ( 30 I , FN2 ( 30) , E (900)
DIMENSION FIDO, 30, XL ( 30) ,XLX I 30 , 30>,FRECH 30)
DIMENSION NFC 1100)* L A fi P H CI 100),PHEE11100)
01 MENS ION RECORD 120),ZII3C,3C),SYMI30,30),EXFRCQ(30>,BI 30 I,XM130) 
01 MENS ION XX130,1),XYI30),Y(3C,30),YZI 30,30),FM21 30,30)
DIMENSION FREtJl (30) , FRE02I30 ) .FREC3I30)
DIMFNSION NMM2130) ,FREu4(30) , EPtIT I 30,30 ) , EG I 30, 301 







11 R E ADI 5,5) INDl,IND2,INQ3,INOG ,INDL»NTESTi»NTEST2»NPUN 
5 FORMAT(1012)
IFIINDI.LT.0) CALL EXIT 
IF I IND3.GT.0I GO 10 606 
50a R FADI 5,36) NQZ 
NHZ1 = NOZ * 1 
oOo RtAD(5, 5000) I RECORD I I ), I = 1,20)
3000 FCRMAT12 0 A4)
P fc AD I 5,15) N ,LL ,NPER T,NFC 




302 FORMATI'l THIS IS THE MOLECULE NUMBER', 13)
NUMB=NUMB+1
READI 5,36) I NFC I I),I = I,LL)
3t> FORMAT 110 I 2 14) )
1FI INDJ.EQ.O) GO TC 34 
NOZ = 0 
NZ4 = 1 
NZ 8 = 4
131 READ!15) INRFI I ) ,NCFI I ) ,NOPHEE(I), ZII),I= NZ4,NZ8)
DO 133 I=NZ4,NZ8
IF(NRFI I) .E0.-5) GO 10 38 
NOZ = NOZ ♦ 1
133 CONTINUE 
IFIN0Z.GT.500) GO TO 132 
NZ4 = NZ4 + 4
NZ8 = NZ8 *■ 4 
GO TO 131
34 R E ADI 5,134) INRF1 I),NCFI I ),NCPHEE(I),Z11),I*I,NOZ1)
134 FORMAT(4(3I3,F11.6))
3* DD 33 1=1,NOZ1
IFINRF(I) .EQ.-5) GO TC 38 
33 CONTINUE
132 WRITE(6,37)
37 FURMATI ///,* Z MATRIX READING ERROR, JOB TERMINATED',//)
CALL EXIT 
33 CONTINUE
NOZ1 = NCZ + 1
KCAD(5,45) ( PHE El II *1 = 1* NFC I 
KIAUI5,50 01 I (LAGPhEIl),1=1,NFO)
5001 FORMAT!10A8)
READ!5,2001 PHEEP,I SOP,NFREC,AMT 
200 FUPMATI3I4.F10.6)
READ! 5, 846 I ( ( S YM (I , J ) , J = 1 , 10 ) , I = 1, N)
846 FURMAT(2(10A4)I
IF( INOG.EC.O) GO TO 601
RfcAOI10) KeGII ,J),J=1,NJtI=l,N>
GO TO 602
001 RLA0(5,25) ((EG< I,J ) ,J=1,N),I = 1,N)
23 FOK,''AT(OF10.fa)
002 CALL ARAY(2,N,N,NDIM,EG)
00 830 1 = 1,NN 
3JJ Gl 1 ) = EG(1,1)




DU U05 1=1 ,NN 
t( I ) = G( I )
Y05 FM2(I,1)=F(1,1)
DO 358 1 = 1, NFREQ 
63d AL IM!I) = 1 .0
1F(INDL.NF.O) GC TC 857 
R EAOl5,2) (ALIM!I),I = l,NFREC)
657 REAO(5,2) (EXFREQ<I),1=1,NFREQ)
2 FORMAT(3 FI 0.6)
R£AU( 5 , 3 6 )  ( I F  I NC( I ) ,  1 = 1 , NFC)
DO 75 1=1,NFO
IF(IFINC(I).EC.O) IFINC! I ) = NFO*l
75 CONTINUE
DO 76 1=1,NFD 
DO 76 J=I,NFO
1 F! IF INC I I ) .LE. IF I NC I J)) GO TO 76 
IT= IF INC(I)




«RITE(6,7C01) (RECORD(111 1,111 = 1,20)
7 OOl FORMAT(///,2X,20A4)
*!RITE!6,760)
760 FORMAT(//,' THE SYMMETRIZED Z MATRIX IS'/I
HRI TE ( 6, 761) (NRFI11,NCF(I ) ,NCPHEE1I),Z(I),I = l,NOZl)
761 FORMAT! 61 313,F U  .6))
1,RI TC (6 , 60 I )
801 FURMAT!//,• THE G MATRIX IS',/)
DD 804 I=1,N 




706 FURMAT!///,' THE TRIAL UREY-8RADLEY FORCE CONSTANTS WITH APPROPR 
1 I ATE LABELS ARE',/)
WRITE(6,70 7 > (LAB PFE(I)»PHEE(I),1 = 1,NFO>
707 FORMAT(AX , •*•,2X , Ad,F10.6,4X , ■*•,2X,AS,F10.6,AX,•*',2X, A 8 *F10. 6 .
1 4X,**',2X,Ad,FlC.6,4X,***,2X,Aa,F10.6MX,*#» , 2AX , • * • , 24 X , • * • , 24X ,
2 24X,'**,IX>
WRlTC(6,805>
c a l l  a r a y !i ,n ,n ,n d i m ,f )
6U6 F OKMAT I / / / , * THE TRIAL F MATRIX LABELED WITH SYMMETRY C0CRD1NAT 
1FS IS*,/>
IF(NPUM.EU.O) GO TO 6eOT 
WRITE( 7,68 06) (( F ( I,J ),J=L,N ),I = 1, N) 
odGo FORMAT!8F10.6J 
Olio/ l)U 806 I = liN 
dud WRITEt6,«4<J> !SYM!I,KJ),KJ=1,I0),(F(I,JI,J=1,NT 
d4d FURMAT!1X,10A4,15F6.3/4 1X,15F6.3/4IX,15F6.3 I 
DO 850 1 = 1,N
IF(F( 1,1) .LT.O.O) GO TO 10 
G5u CONTINUE 
7A CALL AR AY(2»N,N,NDIM , F )
CALL NRCOTE(N,NRCW,F,G,XL,XLX)
DO 65 I=l,NN 
G( I ) = E ( I )
F(I,l)=FM2(I,ll 
o5 CONTINUE
DU 651 1=1, N
IF!XL(I) .LE.O.O) GO TO 652 
o p I CONTINUE 
GC TO 653 
652 WRITt(6,654) (XL(11,1=1,N)
654 FORMAT!///,• THE RUN ON THIS MOLECULE WILL TERMINATE HERE DUE T 
10 A NEGATIVE EIGENVALUE OF THE FG SECULAR EQUATIUN*/• THE EIGEN 
2VALUES ARE*/!10FL2.6))
CALL ARAY!l,NfN,NDlMtF)
CALL ARAY!I, N,N,NDIM,XLX I 
WRITE(6,656)
65o FORMAT!/,• THE EIGENVECTORS ARE*,/)
DO 65 5 1=1,N
655 WFITE(6,8C3) !XLXI I,J»,J=I,N)
Dtl 7002 1 = 1,N
7 OUd FREW I I> = I 303.61*SORT! A3SIXH I >) ) 
kRITE!6,6008) (FREQ! I I,I=1»N)
60Cd F0RMAT(5X,15F8.3) 
r>0 670 1 = 1,N 
. DO 670 J=1,N 
6 70 EPOT!I,J) = F!I , I)*(XLX11,J )**2)/XL!J)
WRITE16,B131 






UO 411 I=1,NFREQ 
fail wMM2( I ) = EXFREO ( I )-FREG! I )
IF(N-NFKEC)226,226,215 
215 NF = NFREQH
['0 220 I = MF,N 
EXFREO!I>=0.0 
0MM21I)=0.0 
220 XX(l,11 = 0.0 
2 2 a *RITE(6»807)
807 FORMAT!///,• THE RESULT USING THE TRIAL F MATRIX IS*,/»
WRITE(6,808)
BOB FURMAT!2 5X,'OBSERVED*,25X,•CALCULATEO•,25X,•DIFFERENCE•,7X,•DIFF.L 
1IMIT*,/» 
on 810 I=1,N
fa 10 UR I TF( 6, aO<#» I , EXFREO ( I ) , FREG! I ) ,0MM2U ) ,ALIM( I)
80 J T uRV-AT (1 5X, 12 ,4 !'-'),F12.6,23X,F12.6,2 3X,F12.6,7X,F10.5>
I F 1 N P U N . E G . 0 )  GO TC 841  
U!J 87 3 I = 1 * N 
fa73 W R I T E ( 7 , 3 7 2 )  EXFREO! I )»FPECI  I ) »QMM2! I) 
a / 2  FORMAT(3 F I  0 . 2  )
841 WRITE I 6, 816 1
Bio rORMAT» ///,» THE CORRESPONDING L MATRIX IS*,/)
CALL ARAYtI,N , N , NDI M , XL X)
DO 817 1=1,N 
fa 17 hR| TE(6,8C3)IXLX <l,J),J=l,N)
IF(NPUN.EQ.O) GO TC 842
WRITE I 7,fa 806 ) ( IXLXI I,J),8=1, 15>,1=1,151 
IF!N.EG.15) GO TO 842
WRITE(7,63C6) ( (XLX(I,J),J=16 ,30>,1 = 16,30)




DU 870 I=l,NN 





DU 827 I -1 * N 
00 82 7 J=l,N 
847 CMLFGLtI,JI=1303.I6*SCRT(ABStALFGLII,J)))
WRITEI 6, 8 37) 
fai7 FORMAT!//,' THE LFGL MATRIX IS*,/)
DU 838 1=1,N 








H25 CPDTd, J)=FK2< I,I)*!XLX (I,J)**2) /TEMP 
,.RITE (6, H18I
bio FUFMAT!///,* THE POTENTIAL ENERGY DISTRIBUTION IS ',/»
8S3 DO 819 1=1,N
b19 WRITE<6,7C84) I,(EPCT( I ,J) , J =1,N)
IF(NPUN.EQ.O) GO TO 863
WRITE!7,660o) ! ( E PC T ( I, J ) , J= 1 ,N I , 1 = 1, N >
7 0d<t FORMAT 13X, I 2,15!F3.3)/5X,151F8.3)> 
ool IF 1NTEST1 . E D .0 I GC TC 851
CALL SlGNIFINOPHEE»PPEE»Z*NRF,NCF,F»N*NQZ,NFC,NFREQ»FREQ , 
1 G,E, XL,XLX,XY,NTEST1,LABPHE,NR0W,IF INC,OMM2»NTEST2,NPUN) 
b3l wR I TE (t>, 852 )
b d 2 F ORMAT(///»2X»13C(•-• I/2X,130(•* *)/2X,130!•-•)/>
90J CONTINUE 
10 CONTINUE 
GO TO U  
END
IV-81
7. ZMAT and GMAT COMBINE 
This program is used to renumber the Z matrix and 
reform the G matrix in such a way that two isotopic mole­









d i m e n s i o n Mnzr-12)
0 I ME NS I ON NR1 12 , too , NC1(2, 6 60) ,N0P1 (2 ,600) ,21(2,600)
DIMENSION N ? (1200),NC( 1200),NOP( 1200),Z( 1200),NRZ(1200),NCZ( 1200) 
0 IMfc NSI ON N0PZI120C),22( 1200 ) 
k EAU( 5 , 5 OC ) N, NCCP,NCZ1,NQZ2 
IF(N.LT.O) CALL EXIT
R FA C(5,501) I NKl (1 ,1 ) ,NC1 ( I, I) ,NCP1(I, I ) , Z1 (1,1), 1= 1, NOZ 1) 
k E AIJ( ‘3,5 01 ) (NR1(2,I ) , AC 1(2, I),NOPI<2,1 1,11(2,1), I=1,N0Z2)
READ!5,5 CO)INUNI I,I) , 1=1 ,N>
REAu>[5,5CC) ( NUM (2,1) ,I~ I , M  
F OF HA T ( 2 A I 3 )
FLRMAT(4(3I3,F11.6))
N O Z R 1)=NQ21 
NOZFI2)=NGZ2 
Nl = 0 
N2 =0





INM I)=NUF ( IZ.NRKIZ, J))
N C ( I ) = NU P ( I Z , NC 1 ( I Z , J ))
IN OP (I >= NCP1 ( IZ, J )
Z ( I > = Z1(IZ,J>
J=J+l 
N2l=N2-l 
DD 120 1=1,N21 
NT = NOP( 1)
1 1= l + l
00 120 J=11,N2
IF (NT .OT.NOIPI J) ) GO TC 115
GO TO 12 0
NT=NuP(J)
NT EMP = N R { I )
NUPtJ ) = N()P( I )
NOP(I )= NT 





TEMP= Z( I )




DO 130 J=1 * N2
IF(ZIJ).EQ.O.Q) GO TO 130










IF(J1 .GT.N2) GO TO 130 
DP 125 K = Jl,N2
IFINZI.LT.NCPIKH CC TO 130 
IFiriZZ.NE.NMKt ) GO TO 125 
If (.NZ3.NE.NC(K II GO TO 125 
ZZ(KT)=ZZ(KTKZIK1 
Z < K ) = 0.0 
123 CUNTINUE 
IjO CONTINUE
WKITE ( 6, £>01 ) t NRZ t I ) i NCZ ( 1 ) ,NOPZ (n,ZZ(M,I = lfKT) 
DO 10 1 J=1,NCGP 
101 NRlTfc (7,3C1 ) ( N PZ t I) , NC Z ( [> , NCPZ 1 I), ZZ ( 1 ) , 1 = 1 , KTI 
oOl FOPM<‘.T(oI3I3,FU.6H 
GO TO 11 
END
IV-81}.
DIMeNS I UN Gil 30,30 ), G2< 3C, 3 0  ,G( 60,60) ,NUM l< 30) ,NUM2( 30) 
W.R1 TE(6,610)
11 RtADI5,5CC) N,NCGP 
1F1n .LT.0) CALL EXIT
inNcup.ec.o) nccp=1
P EALU 5,501) HCl(l,J),J=l,N),I = l,N) '
REALl5,50CI 1MUM11 I) , I =1,N)
501 FORMAT!RF10.6)
KLADI 5,5C L) 1(02(I,J >,J=l,N),I=1,N)
R t AD( 5 , 500 (NUM2 ( I) • 1 = 1 ,N)
5jO FORMAT 12613)
NN = N+N 
00 10 1=1,NN 
DO 10 J = 1 »NN 
10 G(1,J>=0.0 
DC 20 I -1 , N 
00 20 J=1,N
0 [WINK I I ,NUM1 1 J ) ) = G 11 I , J ) 
cLv G(NUM2( I ) ,NIM2{ J) ) = G2U,J)
DU JO 1=1,NN 
WRITE(6,600)
3J aRITE(o,6C1) (OII,J),J=liNM 
o 10 FORM ATI* I • ) 
ouU FORMAT CO*) 
o 01 FURMAT! 1CX,15F3.5)
DO 101 J=1,NCOP
*RI TC ( 7 » 501 ) < <G1 I ,K) ,K=1 ,\M , l = l,NN)
101 CONTINUE 
GO TO 11 
END
IV-85
B. Basic Assembly Language -- Subroutines
Following are several subroutines called in BRADPERT 
and SORT and written in B.A.L. to speed up the computa­
tional process. The most important subroutines with 
respect to saving computation time are the two iterative 
diagonalization routines RROOTE and EIG-ENE,
IV-86






ST 12,A I 13)
ST 13,3112)
ST l.SAVARG SAVE ADD. Of ARG. LIST
LA 3,0









ST '3, ARG + 8
L 6,60(1)
ST 6 , ARG * 12
L 9,52(1)
LA 3,2 ERC
ST 3,ARG + 16
ST 0, ARG 1 ARG1 IS APG. LIST OF MATI*
ST 7 » ARG1+A
ST A , ARG 1 + 8
L 13,30(11







ST 5,ARG 2 + 3
LA 5,rtA (I)
LA 12 , ARG2
MVC 12(8,12),0(5)
ST 9, ARG3 ARG3 IS ARG. LIST FDR MATM ALSO

















ST 9,ARG5 ARG5 IS ARG. LIST FOR KATM
L 5,92(1)
ST 5,ARG 5 + 4
L 5,152(1)
ST 5 , ARG5+12
L 5,100(1)
ST 5,ARG5+3




LA 5, 2A (I)





ST 5,AR G6 + 16


























































































EKtCA ST C R , MVCINS2 * 1






UMM MVC 0(256,9) ,0(7)
AR 7,3
AR 9,3
U X H 4,5,0MM
tJMMA SIC 9 , MVC INS3♦1




L 8» R EM2
CR 4,6
RC 4,PHEEA































L 3, 2 A (1 )





AL f1VC a 256,3),0(8)
AH s 11
AR 8 11
BXH A 5, A L
A<L STC 7 A 3*-1
AS MVC 9 1,3),0(81
LR A 9
L 3, A8( 1 )
L 8, 2(1 )
CR A 6
BC A A5
AA MVC 0 256,3),0(8)
AR 3 11
AR A 11
BXH A 5, AA
Ao STC 7 A 6+1








Al I-1VC 0 2 56,3),C(8)
AR 3 11
. AR 3 11
BXH A 5, A 7
AtJ STC 7 A9 + 1
A9 MVC 0 1,3 1,0(3)
L 3, 28(1)




A 10 MVC 3 25c,3) , C( 8 )
AR 3 11
• AR 8 11
BXH A 5, A1C
All ' STC 7 A1 2+1












Al 5 MVC 0(1,3),0(d)
od L 3 , KK.
L A,156<1)
ST 3,0(A)




















LE 6, P T1







BXH A , 5 , A 17
BC 15,EE














































































liXH A ,5 , A22
FF ST C 10, A 2 J ► 1
a 2 3 MVC O i l ,31,0(8)
L A ,KK
SR A , 5
sr A , KK
L A . N P E R T
BXH A , 5 , L O O P
k£T L 1 3 , A ( 131
R E T U R N ( 1A , I 2 )
F CU N DC V (F C O N S T  >
J.-1A DC V( JN'AT >
M T A DC V(M TRA)
MAT DC V (MATM)
i'i I iM DC VIMINV)
X M A DC V<XMA n
MR U DC VtNRUOTF)
o a VAR OS 1 dF
AR ij DS 5F
a R 'j 1 DS 7F
DS 5F
Ar\ u3 DS 7F
ARiiA cs 10F
m R u 'j DS 7F
A K i»0 DS 6F
Jg DS IF
J Jl DS IF
KK DS IF
ZE k U DC F'O •
3AVARG DS IF
f r i DC E'O .i'
Dd r r)S IF
ivFUA us IF
K t  M2 DS IF










NR1L TITLE 'SINGLE PRECISION VERSION OF SSP PROGRAM NROOT'
l c l c  ct.ctt
LCLA £A,£S 
u RUij I fc START 0
* CALL NROCTE(N,NROWlA lB,XL,X(,J))
* THE ONLY DIFFERENCE IN THF CALLING SEQUENCES BETWEEN THIS
^ ROUTINE AND NKCCT IS THAT ThE PRESENCE UF A SIXTH ELEMENT IN THE'
* LIST WILL CAUSE NRCCTE TO PESS AN ARGUMENT TC EI GENE INSTRUCTING
* EIGENE NCT TO SORT TEE EIGENVECTORS AND E 1N
* CIGfcNC NCT TO SORT THE 11CENVFC TORS AND EIGENVALUES. STME VALUE
■* OF J IS IRRCLEVANT<.
v p r o g r a m m i n g  c o n s i d e r a t i o n s ..
* THIS P R O G R A M  EXPECTS FORTRAN TO FLAG THE LAST ITEM IN ITS
V ARGUMENT LIST WITH A X*80». IF IF THIS X*00* IS NOT IN THE
* BYTE OF X BUT IS IN FACT PLACED FOUR BYTES LATER IN THE ARGUMENT
* LIST NROOTF WILL DECIDE THAT A SIXTH ARGUMENT IS PRESCNT AND
v NOT PERMIT THE EIGENVALUES % AND EIGENVECTORS < TO BE SORTED.
PRINT NOg EN
v
* BAL PROGRAM TO SUBSTITUTE FUR NPOUT TO CONSERVE TIME
t.T SETC ■ E* EXPAND SHORT FORM
t. TT SETC *£ •
(.A SETA A
Ci SETA 2
L» 0 4 - 1 1 5 )
DC ALII 6) ,C'NRCCTE*, LdF'O*
STM 1 4 , 1 2 , 1 2 ( 1 3 )
L R  1 2 , 1 3





v POINTER CuNVENSICNS USEO FUR ADDRESSING THE A ARRAYS ,
SPACE
* GR 9 A
V GR 10 a
* GR 11 XL






BL * + 13
CLI 24(1),X«80*






LS 4,8 STORE IN R 4 FOR NEXT STEP









































ST 10 , ARG













ADDB IN GR 2
MINUS I (BECAUSE OF THE EXECUTE 
TIUN Vi H IC H WILL 3 E USED LATER). 
Cl R4 )= M— I
INSTRUC-
THE NUMBER OF CHARACTERS TO BE MOVED C(R 
DIVIDED- 3Y 2 5t. YIELDS IN GR 7 THE NUMBER 
THAT 236 CHARACTERS MUST BE MOVbD AND IN 
THE RESIDUE WHICH WILL BE MOVED BY THE 
EXECUTE INSTRUCTION.





















ML T . R 4,0



















































BXLE 1 ,2 , ILCCP2
BXLE 3,A,JL0CP2
ST 9, ARG




















LA 8 ,LA.(B I
A 5 »M4



















































^ ( 1 , 6 )  ,C(<3)
nv , yv
1 3 , * (1 3 )
















































the FOLLOWING MODIFICATION HAS BEEN MADE
MV = 0 IMPLIES Th£ SAME AS THE SSP VERSION (EIGENVECTORS AND A
SORT OF THE EIGENVALUES AT THE END OF THE COMPUTATIONS)
MV = 1 IMPLIES THE SAME AS THE SSP VERSION I NO EIGENVECTORS BUT
SORT THE EIGENVALUES)
MV = 2 IS THE SAME AS ( MV = 0 ) BUT NO SORT HILL BE PERFORMED.
MV = 3 IS THE SAME AS ( MV = 1 ) BUT NO SORT v.ILL BE PERFORMED.
SETC 'E'



































1 1 , 1 2 , 0 ( 1 1  
2,3,3( 1)








3 , F T W 0 
3 , F 0 N E 
* ♦ 6
3.0
2 , 3, N 
2.FN







R 11 PTS TO A R 12 PTS TO R
RS WILL CONTAIN THE WORD LENGTH















LET 0 , ECNIE






ST £ T A,0(10)
LA 13,£A.(10)
BET A ,LCOP+2





FOLLOWING LOOPS ARE TO SUP THE SQUARES OF THE OFF DIAGONAL 
ELEMENTS OF A TC FORM A CONVERGENCE CRITERION.
LR 10,11














L 1 ‘j , ASQR T





































SG r A,0(3, 11)
MET A ,HALF
STGT A , X
MGT . R A,A
MG T . R C-,0












MG T . R A,A
LGT 0 , EONE
S G T . R 0, A












STGT A , SI NX
0,0
STORE NON ZERO IN IND
STORE ARGUMENT AND LOAD 
ARGUMENT LIST POINTER 
ADOk OF SGUARE ROOT ROUTINE
0,0
IF X.LT.O THEM Y = + C ( FR A ) 
ELSE Y = - C ( FR A )
A,A
STORE ARGUMENT AND LOAD 
ARGUMENT LIST POINTER







ST fiT AiSI NX 2
LfiT C.EGNE
SfiT.R 0,4
st tr 0,TEMP STORE ARGUMENT AND LOAD
LA 1, ARG ARGUMENT LIST POINTER
L 15,ASQRT ADDR OF SCUARE ROOT ROUTINE
BA LR 14,15 '
SR 0,0
ST fiT O.COSX
Lfi T. R 4,0
mc. r.« 0,0
ST fiT 0 ,CGSX2
MtT 4,SI NX
SlfiT 4.SINCS
SET UP OG 125
L 9 » N MIT 4
LR 7,0













A 4, MO IN GR 4
H *♦10




Lfi T. R 2,0 •
LfiT. R 6,4
M&T o,cosx
M fiT 2,SI NX
MfiT 4,SI NX





















MS T 2,SI NX

























ME T. R 6,2
MET 6,S INCS
SET . R 0,6
AET.R 4,6
LET 6,COSX2
SET 6 , S INX2

















* GR 1 1
* Ori I 2


















IS ADD OF A VECTOR Matrix 





































GR4=ADD OF NROW VECTOR
GR 3=2
STORE VALUE OF I 
GR1C=I 
RI 0=1 *4
RiC=NRCW(i) = Nl 
R 5 = 11 = I + l
R 5=11*4 
3 5— NROrJt I 1 )
COMPARE NROW ( I D  TO 0 
















ft 9* 1 J + J *J) /2 = KT
J2 =KT = KT-1 (FOR INDEXING)
STORE J2







SR 9,3 USED *FOR INDEXING
SLL 9,1 R9= t (K+K’t'K )/2 )A=K1*A
LE 2,0(7,11) FPR2=A(KT>
L L A,0(9,11) PPRA=A(K 1 )
CER 2,A COMPAREA(KTI TO A(Kl)
8C 2»NlOA ERANCH ON A(Kt).GT.AIK1)
LR 7,9 KT =KI
ST 10,K2 K2 = K
NIG A LR 8,6 INDEXER
L 9,NA R9=NA











L 9, K.2 R9-K2
SR 9,6 R9=K2-1
MR 8,2 R9=(K2-1)*N
SLL 7,2 R7= (J-l) *f J* A = N5
LR 15,9 R15= (K2-1)*N




L 106 LE 6,0(7,12) FPR6=ti(N5)
LE A,0(15,12) FPRA=u(N6)
STE 6,0(15,12) B(N6)=3(N5) (TEMP)
STE A,0(7,12) 0(N5)=i)(N6)
LA 7,A (7) N5 =N5+1
LA 15,A (15) N6=N6+1 • .
OXLC 10, 8, L 106 ERANCH TCI L106 IF II.LE.N
L 10,J R 10=J
LR 8,6 INCEXER
L 9, N2 R9=N2
fJXLE 10,8,L110 ERANCH TO L110 IF J.LE.N2
Nlll L 8,1 Rfl=I
AR 8,6 R8=I+ I
ST 8,1 R8=I=l*l
LR 5,8 R3=NEH I
SLL 8,2 R S = m i * A
L 9,0(8,A) R9=NRCW(I)
CK 9,0 COMPARE NRUW(I) TO 0














































6 A V A  Kli
DC ETT• l.E-
DC fi TT • 0 •1
DC ETT*.5'
DC CTT'l.*
DC £T r•2. •












DC M  TEMPI






































LA 10,1 GR10 = 1
LNR 10,10 GR10=-1
ST I,SAVARG STORE ADDRESS OF ARGUMENT LIST
L 9,24<1) GR9 = VALUE OF N
L 9,0(9)
ST 9 , NN
LA 11,0
















L L 5, AL GET ADORESSS OF ALCG FROM V CONSTANT
GALR 14, 15
STE 0,0(3)
b xh 9 »10 »F •




LA 3,256 GR 3=256
DR a,3 GR9=(N**2)*4/256 GR8=REMAINDER
AR a, io
ST 9 »NSQ STORE (N**2)*4/25 6 (N NSC




AR 3,0 GR3=MQ = LL+i
ST 3 , S2 STORE MO IN S2
LA 10,0 GR LO = JJ
LA 11,1 GRl1GR11=11








A LR 4,11 GR4= II
LA 0,1 GR0 = I
SR 4,0 G R 4 = I I-l
SLL 4,2 GR4=m-l)*4
ST 10,SI S1 = JJ
L 5,72(11
L 5,0(4,51
SR 5,0 GR5 = NFC( 111-1




AE ?,PT 01 FPR2=PHEE *■ 0.01
STE 2,0(5,61
L 15,FCON LOAD ADDRESS OF FCONST




L 15,NRO LOAD ADDRESS OF NFODT
HALR 14,15 CALL NROQT






CR 10,9 CCMPARE I TO NSQ/256
CC 2,B IF NSQ/256.Eli.0 BRANCH TO B




LU'JPG MVC 0(256,0) ,0(5)
AR 5,3 INDEX FOR E *■ 256
AR 6,3 INDEX FOR G ♦ 256
























































































































CCMP4RE MO TO II
IV-110
•
J- C J.\S T ' 5 T A ft T
SAVE ( 14,12) ,,*















SLL 13,2 GR13=N**N *4
LA 14,256
LR 0,14 GR0=256





LUorO MVC 1(256,111,0(11) PUT C S  IN F MATRIX
AR 11,0 GR11 = GR11 t 256 LDQP INDEXER
BXH 13,14,LOCPC
b S 12 » =F•2 *
ST C 12.H + 1
H ‘ MVC 1(1,11),0(11) FINISH MOVING O'S
L 11,0(3) GR11=N02
LA 1,0 GR1=C = INDEX REG.
LA 0,4 GR0=4
1 LE C,0(1,7) FPRO^Z(I)
L 12,0(1,5) GK12 = N()PHEE ( I)
SLL 12,2 GR12=NUPHEr(I)*4
SR 12,0 GRl2 = NQFHCt.( I) *4-4
LE 2,0(12,6) FPR2=PHLE(NUPHEE(I))
ME R 0,2 FPRD=Z<I)*PHEfc(NOPHEEII))
L 14,0(1,3) GR14=NRF(I)
L 15,0(1,4) GR15-NCF(I)
SLL 14,2 G RI 4 " N ft F ( I ) v 4
SLL 15,2 GR 15=NRF(I)*4




AR 13,14 GR13=N*NCF(I)*4 4- NRF(I>*4
AE 0,0(13,10) ADD OLD VALUE CF F(I,J) TO REG.











RETURN ( 1 A, 1 2 )
5A tfcARtA OS 18 F
LTORG
END FCONST
GR13 = N*'NRF( I )*A + NCF([)*A 
FORM SYMMETRIC ELEMENT 
GR 1 = GK1 + 4 INDEXING
IV-112
Ak AY ' START
SIM 14,12,12(13)
u U n  2,0
USING *,2
ST 13,SAVAD1
LA 12,1 . GR12 ■= 1
LA 10,1 GR10 = I
LM 3,7,0(11 '
L 3,0(3) GR2 = INDICATOR VALUE
LA 13,2
CR 3,13
BC 4,UNETWO IF IND. LT. TWO BRANCH TO (lNETHQ
L 3,0(4) GR3 = VALUE OF N
L 11,0(5)
SLL 3,2 GR3 = VALUE OF N*4
SR 11,10 GR11 - N-l
LR 13,3









AR 3,d INCREASE GR3 BY N*4
AR 13,9
BXLE 12 »10 , M ERANCH TO M FOR LCOP
BC 15,L UNCCNDITIONAL BRANCH TO RETURN •
uNfcTftO L 3,0(4) GR 3 = VALUE OF N
L 5,0(5)
SR 9,10 GR9 = N-l
LR 1,9 GR I = N-l ■ .
LR 11,9 GR1I = N-l
MR 8,3 GR9 = N*(N-1)
SLL 9,2 GR9 = (N*IN-1))*4
LR 8,3 GR8 = N
SLL 8,2 GR8 = NT-4
LR 13,8
SR 8,10 GR8 = N*4-l
srC 8,MM*1 ADD N*4-l IN DISP. OF MVC INST.
SIC 8 ,MMl +1
LA 8,C(9,7)
L 3,0(6)
SLL 3,2 GR3 = NDIM*4
MR 0,3 GR1 = (NDIM*4)*(N-1)
LA 6, X
AR 1,7
MM 1 MVC Cl 1,6),C(S)
MM MVC 0(1,1),0(6)
SR 8,13
sr< 1,3 ADDRESS OF NE,-) VECTOR - NDIM*4
Li> a V A J 1 
A













L 12 , M ( 0 , L )
L 3,12(0,11
L 11,16(C, 1 )
L 11,0(11 ) Rll = VALUE OF N
L 7, C C1 I
L 7, C ( 7 1 GR7=N0IM
SLL 7,2 GR7 = N01M*4
LA 6,1 GR6 = 1
LA 10,1 ■ GR 10 = 1
LUUP1 ST 6,LI LI = VALUE CF 1
ST 1 1, L L 1
L 11,20(0,11
L 11,0(0,111
LA 6,1 GR6 = 1
Luut'c ST . 6, L 2 L2 = VALUE CF J
ST 11.LL2
SFR G ,0 F PRO = 0.0
Lk 9,6 GR9 = VALUE OF J
S-t 9,10 GR9 = J-l
LA 6,1 GR6 = I
KR 8,7 GR9 = ( NO I M*4 )*(J-1)
ST 9, L5 L5 = GR9
LA 9,4 GR9 = 4
M 8,LI GR9 = 4*1
S 9,=F*4* GR9 = 1*4-4
ST 9,L6 L6 = GR9
L 6,L5 GR8 = L5
L 11,24(0,11
L 11,0(111
LUUP3 LE 2,0(9,41 FPR2 = A(I,K)
AR 9,7 ACC 4*NUIM TU INDEX R9
LE 4,0(8,12) FPR4 = ii(K,J)
LA 8,4(61 INCREASE- INCEX R8 3Y 4
ME R 2,4 FPR2 = A([,K)*b(K,J)
AER 0,2 TfcKP = TEMP + A*B
BXLE 6,10 ,LGCP3 BRANCH TC LC0P3
L C,L6 GR6 ■= (*A-4
A 6,L5 GRb = 1*4-4 ♦(NDIM#4)*(J-
STE f ,0(6,3) STORE TEMP IN C(I,J)
L 6,L 2 GR6 = COUNTER L00P2
L 11,LL2
BXLE o,10 ,L0CP2 BRANCH TC LCQP2
L 6,LI GR6 = COUNTER LOOPl
L 11,LLl
BXLE 6,10,LOCP1 BRANCH TO LOOPl'
L 13,S AV ACD
LM 14,12,12(13)
OCR 15,1A





L o DS 1K
LL 1 OS IF




2. Data Tables -- Computer Output 
A. P3BIQM
1, Principal ^artesi^i Coordinates^ £nd Plot^
The Cartesian coordinates are listed on the fol­
lowing pages. Below each list is a txvo-dimensional plot 
of the molecule, looking down the x-axis. All fourteen 
molecules including isotopic species are listed.
A
IV-117
PRINCIPAL CARTESIAN COORDINATES CH3-COH





























































































































































































































































































































-0.8 793 7 























































































































































The following matrices are tlie Cartesian coordinate 
to internal coordinate transformations for each molecule 






















Vi 11 0.485 18



























































15 20 0. 06937
16 16 0.43669













































































































































































































































































































































































































































































































7 12 -0.34 794
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3 5 -C. 554 16
















































































B MATRIX FOR THE MOLECULE C03-CCCL
IV-iij.o
1 2 -0.89059 1 3 -0.45480
2 5 0.11670 2 6 -0.99317
3 4 0*81197 3 5 -0.52291
3 11 0.52291 3 12 -0.25935
4 6 0.25935 4 13 0.81197
5 2 0.8 9980 5 3 -0.43630
o 2 -0.07675 6 3 C.99705
7 5 1.34335 7 6 -0.66625
7 12 0.33313 7 13 0.53396
8 4 1.04297 8 5 0.52177
8 8 -0.47316 8 9 —0 •055bQ
a 15 -0.88698 9 4 -1.04297
9 7 0.79096 9 8 -0.47316
9 11 -0.04860 9 12 -0.88698
U 3 0.29688 10 4 0.85547
0 13 -0.27803 10 14 C.69800
1 3 -0.59377 11 5 -1.22027
1 9 0.10776 12 1 0.57739
2 4 -0.85547 12 5 -0.54639
2 11 0.69800 12 12 0.53672
3 17 0.36602 13 18 0.75487
4 2 0.06200 14 3 1.34 864
4 17 -0.36602 14 18 -0.75487
6 5 -0.30322 15 6 0.59377
6 1 1.90391 16 4 -0.62393
7 1 0.36218 17 4 -0.11283
7 11 -0.12930 17 12 C.25319
7 15 -0.25319 17 16 -0.52578
5 0.89059 1 6 0.45480
8 -0.11670 2 9 0.99317
6 0.25935 3 10 -0.81197
4 -C.81197 4 5 -0.52291
14 0.52291 4 15 -0.26935
17 -C.89980 5 18 0.43630
20 0.07675 6 21 -0.99705
10 -0.53896 7 11 -0.67168
14 -C.67167 7 15 0.33313
6 0.94258 8 7 -0.79096
13 -0.25200 8 14 -0.04360
5 0.52177 9 6 0.94258
9 -C.05560 9 10 0.25200
1 -0.57739 10 2 -0.15161
5 -0.54639 10 6 -0.83361
15 0.53672 11 2 0.30322
6 0.48601 11 a 0.91705
2 -C.15161 12 3 0.29688
6 -0.83361 12 10 0.27808
2 -0.87472 13 3 -0.79403
20 0.50870 13 21 0.C3916
5 0. 30322 14 6 -0.59377
2 C.81192 15 3 -0.55461
20 -0.50870 15 21 -0.03916
16 -C.83893 16 19 -0.44106
7 0.32828 17 10 -0. 16414

























































































2 8 -0. 18 321
3 6 0.22 360
4 4 -C.81197
4 14 C. 53917
5 17 -0.92710
6 20 0.14361


















17 7 0.32 828














































































































































a MATRIX FOR THE MOLECULE CF3-COH
IV-1t|.3
1 2 -0.38778 1 3 -0.92175
2 5 -0.99861 2 6 0.05262
3 4 0.81483 3 5 C.30227
3 11 -0.30227 3 12 0.49466
4 b -0.49466 4 13 0.81483
5 2 -0.57905 5 3 0.81529
o 2 0.99559 6 3 C.09382
7 5 -0.63795 7 6 1.04398
7 12 -0.52199 7 13 0.43521
8 4 0.85985 8 5 0.73481
8 8 -0.01999 8 9 -0.37938
8 13 -0.087C7 9 4 -0.85985
9 7 0.64753 9 8 -0.01999
9 11 -0.71482 9 12 -0.08707
10 3 -0.12590 10 4 G.78259
10 13 -0.22024 10 14 0.39112
11 3 0.25181 11 5 C.55903
11 9 0.74971 12 1 C.56235
12 4 -0.78259 12 5 -0.69039
12 11 0.39112 12 12 0.60179
13 1 7 0.67716 13 18 0.48094
14 2 1.27570 14 3 C.22913
14 17 -0.67716 14 18 -0.48094
15 5 0.59854 15 6 -0.25181
16 1 -I. 17257 16 4 0.31793
17 1 0.00465 17 4 0.02722
17 11 -0.21232 17 12 0.06932
17 13 -0.08932 17 16 0.48863
5 C.38778 1 6 0.92175
8 0.99861 2 9 -0.05262
6 -0.49466 3 10 -0.81483
4 -0.81483 4 5 0.30227
14 -0.30227 4 15 0.49466
17 0.57905 5 18 -0.81529
20 -0.99559 6 21 -0.09382
10 -0.43521 7 11 0.31898
14 0.31898 7 15 -0.52199
6 0.46645 8 7 -0.64753
13 -C.21232 8 14 -0.71482
5 0.73481 9 6 0.46645
9 -0.37938 9 10 0.21232
1 -0.56235 10 2 0.29927
5 -0.69039 10 6 -0.47589
15 0.60179 11 2 -0.59854
6 -1.00152 11 8 0.03951
2 0.29927 12 3 -0.12590
6 -0.47589 12 10 0.22024
2 -0.59108 13 3 -1.39432
20 -0.08607 13 21 0.91339
5 -0.59854 14 6 0.25181
2 -0.68462 15 3 1.16519
20 C.08607 15 21 -0.91339
16 0.41383 16 19 0.44082
7 -0.26597 17 10 0.13299



































































































9 5 G. 10115
9 9 -0.27001
10 I -0.56975

























































































































































B MATRIX FOR TUB MOLECULE CF3-C0CL
IV-'11+6
2, S;ymmetrized G Matrix 
The symmetrized G matrices on the next pages are 
broken down into their a 1 and a" symmetry blocks. Above 
each block are listed the symmetry coordinates associated 
with each rov; and its corresponding column.
/
IV-1l|.7
1 THE ASYM. HCH2 STRETCH ---
2 THE SYMMETRIC CH3 STRETCH
3 THE C-Z STRETCH ----------
4 THE C=C STRETCH ----------
5 THE HCH2 DEFORMATION-----
6 THE CH3 UMBRELLA BEND ----
7 THE SCISSORS BEND -------
8 THE IN-PLANE CH3 ROCK ----
9 THE C-C STRETCH ----------
10 THE 0-C— Z RCCK ------------
1 1.1021 0.0 . 0.0 0.0 0.1408 0.0 0.0 -0.1156 0.0 0.0902
2 0. 0 1.0224 0.0 0.0 0.0 -0.1077 0.0 0.0 -0.0502 0.0
3 0.0 0.0 1.0756- C.C389 0.0 0.0 -0.0737--0.C603 -0.0384- 0.1122
4 0. 0 0.0 -0.0399 0. 1459 0.0 0.0 -0.0804 0.0564--0.0465 0.1116
6 0. 1408 0.0 0.0 0.0 2.2569 0.0 0.0 0.2857 0.0 0.1156
6 0.0 -0.1077 0.0 0.0 0.0 2.1204 O.C 0.0 0.1790 O.C
7 0.0 0.0 -0.0737->0.0804 0.0 0.0 1.5365 0.0037 0.1510- C.6608
8 -0.1156 0.0 -0.0603 0.C564 0.2857 0.0 0.003 7 1.0185 0.0 0.2010
9 0.0 -0.0502-0.0384-■0.0465 o.c 0.1790 0.1510 0.0 0.1667- 0.0067
10 -0. 0902 0.0 -0.1122 0.1116--0.1156 0.0 -0.6608 0.2010--0.0067 0.6983
11 THE A'* HCH2 STRETCH -----
12 THE A*' HCH2 DEFORMATION -
13 THE CUT-OF-PLANE CH3 HAG
14 THE OUT-OF-PLANE WAG -----
15 THE TORSION ---------------
11 1.1021 0.1408 0.1156 0.0335 0.0049
12 0.1408 2.256S-C.2857 0.0429 0.0062
13 0.1156-0.2857 1.C185 0.1191 0.0079
14 0.0335 0.C429 0.1191 0.34 5 8-0.2045
15 0.0049 0.0062 0.C079-0.2045 0.5886
G MATRIX FOR THE MOLECULE CH3-C0H
IV-'148
L THE C-Z STRETCH ----------
2 THE ASYM. 0C02 STRETCH ---
3 THE SYMMETRIC CD3 STRETCH
4 THE C=C STRETCH-- :-------
5 THE SCISSORS BEND -------
6 THE C-C STRETCH----------
7 THE UCC2 DEFORMATION -----
a THE C03 UMBRELLA BEND ----
9 THE IN-PLANE CD3 ROCK ----
10 THE 0=C-Z ROCK -----------
1 1.0756 0.0 0.0 0.0399--0.0737-0.0384 0.0 0.0 -0.0603-0.1122
2 0.0 0.6064 0.0 0.0 0.0 0.0 0.1408 0.0 -0.1156-0.0902
3 0.0 0.0 0.5267 0.0 0.0 -0.0502 0.0 ■0.1077 O.C 0.0
4 -0.0399 0.0 0.0 0.1459--0.0804-0.0465 0.0 0.0 0.0564 0.1116
5 -0.0737 0.0 0.0 0.0804 1.5365 0.1510 0.0 0.0 0.0037-0.6608
6 -0.0384 0.0 -0.0502-•0.0465 0.1510 0.1667 0.0 0. 1790 0.0 -0.0067
7 0.0 0. 1408 0.0 O.C 0.0 0.0 1.2195 0.0 0.0690-0.1156
u 0.0 0.0 -0.1077 0.0 0.0 0.1790 0.0 1.25 32 0.0 0.0
9 -0. 0603-■0.1156 0.0 0.0564 0.0037 0.0 0.0690 0.0 0.5982 0.2010
I'J -0.1122-■0.0 902 0.0 0.1116 -0.66C8-0.0067-0.1156 0.0 0.2010 0.6983
11 THE A** DCD2 STRETCH -----
12 THE A'* DCD2 DEFORMATION -
13 THE OUT-OF-PLANE WAG -----
14 THE OUT-OF-PLANE CD3 WAG
15 THE TORSION ---------------
11 0.6064 C.1403 0.0335 0.1156 0.0049
12 0.1408 1.2195 0.0429-0.069C 0.0062
13 0.0335 0.0429 0.3458 0.1191-0.2045
14 0.1156-0.0690 0.1191 0.5982 0.0079
15 0.0049 0.0062-0.2045 0.0079 0.4293
G MATRIX FOR THE MOLECULE C03-COH
IV—1 if.9
1 THE ASYM. HCH2 STRETCH ---
2 THE SYMMETRIC CH3 STRETCH
3 THE C-Z STRETCH ----------
4 THE C=0 STRETCH ----------
5 THE HCH2 DEFORMATION -----
6 THE CH3 UMBRELLA BEND ----
7 THE C-C STRETCH ----------
8 THE IN-PLANE CH3 ROCK ----
9 THE SCISSORS BEND -------
10 THE 0=C-Z ROCK ------------
1 1.1021 0.0 0.0 0.0 0.1408 0.0 0.0 -0.1156 0.0 -0.0902
2 0.0 1.0224 0.0 0.0 0.0 -0.1077-0.0502 0.0 0.0 0.0
3 0.0 0.0 0.5799-0.0399 0.0 0.0 -0.0384-0.0603-0.0737-0.1122
4 0.0 0.0 -0.0399 0.1459 0.0 0.0 -0.0465 0.C564-0.0804 0.1116
5 0.14C8 0.0 0.0 0.0 2.2569 0.0 0.0 0.2857 0.0 -0.1156
6 0.0 -0.1077 0.0 0.0 0.0 2.1204 0.1790 0.0 0.0 0.0
7 0.0 -0.0502-0.0384-0.0465 C.C 0.1790 0.1667 0.0 0.1510-0.0067
8 -0.1156 0.0 -0.0603 0.0564 0.2857 0.0 0.0 1.0185 0.0037 0.2010
9 0.0 0.0 -0.0737-0.0804 0.0 0.0 0.1510 0.0037 0.9374-0.3148
10 -0.0902 0.0 -0.1122 0.1116-0.1156 0.0 -0.0067 0.2010-0.3148 0.4986
11 THE A "  HCH2 STRETCH-----
12 THE A*• HCH2 DEFORMATION -
13 THE CUT-OF-PLANE CH3 WAG
14 THE OUT-OF-PLANE WAG -----
15 THE TORSION ---------------
11 1.1021 0.1408 0.1156 0.0335 0.0049
12 0.1408 2.2569-C.2857 0.0429 0.0062
13 0.1156-0.2857 1.0185 0.1191 0.0079
14 0.C335 0.C429 0.1191 0.2473-0.0928
15 0.0049 0.0062 0.0079-0.0928 0.4617
G MATRIX FOR THE MOLECULE CH3-COO
iv-150
1 T H E A S Y M .  0 C D 2  S T R E T C H  --------
2 t h e S Y M M E T R I C  C D 3  S T R E T C H
3 T H E C - Z  S T R E T C H  ----------------------------
4 T H E C = 0  S T R E T C H  — -------------------
5 T H E C - C  S T R E T C H  ----------------------------
6 T H E 0 C D 2  D E F O R M A T I O N  --------------
7 T H E C D 3  U M B R E L L A  B E N D  -----------
8 T H E S C I S S O R S  B E N D  --------------------
9 T HE I N - P L A N E  C D 3  R O C K  -----------
1 0 T H E G = C - Z  R O C K  -------------------------------
1 0 . 6 0 6 4  0 . 0  0 . 0  0 . 0  0 . 0
I  U . O  0 . 5 2 6 7  0 . 0  O . C  - 0 . 0 5 0 2
3  0 . 0  0 . 0  0 . 5 7 9 9 - 0 . 0 3 9 9 - 0 . 0 3 8 4
4  0 . 0  0 . 0  - 0 . 0 3 9 9  0 . 1 4 5 9 - 0 . 0 4 6 5
5  0 . 0  - 0 . 0 5 0 2 - 0 . 0 3 8 4 - 0 . 0 4 6 5  0 . 1 6 6 7
6  0 . 1 4 0 8  0 . 0  0 . 0  0 . 0  0 . 0
7  0 . 0  - 0 . 1 0 7 7  0 . 0  O . C  0 . 1 7 9 0
8  U . O  0 . 0  - 0 . 0 7 3 7 - 0 . 0 8 0 4  0 . 1 5 1 0
9  - 0 . 1 1 5 6  0 . 0  - 0 . 0 6 0 3  0 . 0 5 6 4  0 . 0
1 0  - 0 . 0 9 0 2  0 . 0  - 0 . 1 1 2 2  0 . 1 1 1 6 - 0 . 0 0 6 7 -
0 . 1 4 0 8  0 . 0  0 . 0  - 0 . 1 1 5 6 - 0 . 0 9 0 2
0 . 0  - 0 . 1 0 7 7  0 . 0  0 . 0  0 . 0
0 . 0  0 . 0  - 0 . C 7 3 7 - 0 . C 6 0 3 - 0 . 1 1 2 2
0 . 0  0 . 0  - 0 . 0 8 0 4  0 . 0 5 6 4  0 . 1 1 1 6
0 . 0  0 . 1 7 9 0  0 . 1 5 1 C  0 . 0  - 0 . 0 0 6 7
1 . 2 1 9 5  0 . 0  0 . 0  0 . 0 6 9 0 - 0 . 1 1 5 6
0 . 0  1 . 2 5 3 2  0 . 0  0 . 0  0 . 0
0 . 0  0 . 0  0 . 9 3 7 4  0 . 0 0 3 7 - 0 . 3 1 4 8
0 . 0 6 9 0  0 . 0  0 . 0 0 3 7  0 . 5 9 8 2  0 . 2 0 1 0
0 . 1 1 5 6  0 . 0  - 0 . 3 1 4 8  0 . 2 0 1 0  0 . 4 9 8 6
1 1 T H E A * • 0 C D 2  S T R E T C H  --------------
1 2 T H E A * *  D C 0 2  D E F O R M A T I O N  -
1 3 T H E O U T - O F - P L A N E  H A G  --------------
1 4 T H E C U T - O F - P L A N E  C D 3  H A G
1 5 T HE T O R S I O N ---------------- :-----------------------
1 1  0 . 6 0 6 4  C . 1 4 0 8  0 . 0 3 3 5  0 . 1 1 5 6  0 . 0 0 4 9
1 2  0 . 1 4 0 8  1 . 2 1 9 5  0 . 0 4 2 9 - 0 . 0 6 9 0  0 . 0 0 6 2
1 3  0 . 0 3 3 5  0 . 0 4 2 9  0 . 2 4 7 3  0 . 1 1 9 1 - 0 . 0 9 2 8
1 4  0 . 1 1 5 6 - 0 . 0 6 9 0  0 . 1 1 9 1  0 . 5 9 8 2  0 . 0 0 7 9
1 5  0 . 0 0 4 9  0 . 0 0 6 2 - 0 . 0 9 2 8  0 . 0 0 7 9  0 . 3 0 2 4
G MATRIX FOR THE MOLECULE CD3-C0D
IV-1^1
1 T H E A S Y M .  H C H 2  S T R E T C H  - —
2 T H E S Y M M E T R I C  C H 3  S T R E T C H
3 T H E C = 0  S T R E T C H  ----------------------------
4 T H E H C H 2  D E F O R M A T I O N  --------------
5 T H E C H 3  U M B R E L L A  B E N D  -----------
6 T H E C - Z  S T R E T C H  ----------------------------
7 T H E I N - P L A N E  C H 3  R O C K  -----------
8 T H E C - C  S T R E T C H  ----------------------------
9 T H E S C I S S O R S  8 E N 0  --------------------
1 0 T H E 0 = C - Z  R O C K  -------------------------------
1 1 . 1 0 2 8  0 . 0 0 0 5  0 . 0  0 . 1 4 3 6 - 0 . 0 0 0 9  0 . 0  - 0 . 1 1 5 0 - 0 . 0 0 1 8  0 . 0  - 0 . 0 9 0 4
2  0 . 0 0 0 5  1 . 0 1 9 6  0 . 0  0 . 0 C 0 4 - 0 . 1 0 0 9  0 . 0  0 . 0 0 0 6 - 0 . 0 4 7 8  0 . 0  0 . 0 0 0 4
3  0 . 0  0 . 0  0 . 1 4 5 9  0 . 0  0 . 0  - 0 . 0 4 3 4  0 . 0  5 3 6 - 0 . 0 5 1 2 - 0 . 0 6 4 9  0 . C 9 9 4
4  0 . 1 4 3 6  0 . 0 0 0 4  0 . 0  2 . 2 5 5 3 - C . 0 1 3 5  0 . 0  0 . 2 5 8 3 - 0 . 0 0 1 8  0 . 0  - 0 . 1 1 7 4
5  - 0 . 0 0 0 9 - 0 . 1 C 0 9  0 . 0  - 0 . 0 1 3 5  2 . 0 2 9 6  0 . 0  - 0 . 0 1 5 7  0 . 1 7 6 0  0 . 0  - 0 . 0 0 2 4
6  0 . 0  0 . 0  - 0 . 0 4 3 4  0 . 0  0 . 0  0 . 1 3 6 0 - 0 . 0 6 3 5 - 0 . 0 2 9  5 - 0 . 0 7 3 5 - 0 . 1 1 5 8
7  - 0 . 1 1 5 0  0 . 0 0 0 6  0 . 0 5 3 6  0 . 2  5 8 3 - 0 . 0 1 5 7 - 0 . 0 6 3  5  1 . 0 1 5 5 - 0 . 0 0 0 2  0 . 0 2 1 2  0 . 1 9 5 6
8  - 0 . 0 0 1 8 - 0 . 0 4 7 8 - 0 . 0 5 1 2 - 0 . 0 0 1 8  0 . 1 7 6 0 - 0 . 0 2 9 5 - C . 0 0 0 2  0 . 1 6 6 7  0 . 1 3 9 0 - 0 . 0 0 1 8
9  0 . 0  0 . 0  - 0 . 0 6 4 9  0 . 0  0 . 0  - 0 . 0 7 3 5  0 . 0 2 1 2  0 . 1 3 9 0  0 . 3 5 0 6  0 . 0 4 9 1
1 0  - 0 . 0 9 0 4  0 . 0 0 0 4  0 . 0 9 9 4 - C . 1 1 7 4 - 0 . 0 0 2 4 - 0 . 1 1 5 8  0 . 1 9 5 6 - 0 . 0 0 1 8  0 . 0 4 9 1  0 . 2 9 6 9
1 1 T H E A * '  H C H 2  S T R E T C H --------------
1 2 T H E A "  H C H 2  D E F O R M A T I O N  -
1 3 T H E O U T - O F - P L A N E  C H 3 H A G
1 4 T H E O U T - O F - P L A N E  H A G
1 5 T H E T O R S I O N  ----------------------------------------
1 1  1 . 1 0 4 3  0 . 1 4 5 6  0 . 1 1 3 6  0 . 0 5 8 7  0 . 0 1 4 3
1 2  0 . 1 4 5 6  2 . 2 9 5 1 - 0 . 2 7 3 5  0 . 0 7 6 3  0 . 0 3 5 0
1 3  0 . 1 1 3 6 - 0 . 2 7 3 5  C . 9 5 6 6  C . 2 0 C 9  0 . 0 3 3 3
1 4  0 . 0 5 8 7  0 . 0 7 6 3  0 . 2 0 0 9  0 . 4 5 6 6  0 . 0 7 C 5
1 5  0 . 0 1 4 3  0 . 0 3 5 0  0 . 0 3 3 3  0 . 0 7 C 5  0 . 3 4 6 4
G MATRIX FOR THE MOLECULE CH3-C0F
IV-1^2
I T H E A S Y M .  C C D 2  S T R E T C H  --------
2 T H E S Y M M E T R I C  C 0 3  S T R E T C H
3 T H E C * 0  S T R E T C H  ----------------------------
4 T H E C - Z  S T R E T C H  ----------------------------
5 T H E C 0 3  U M B R E L L A  B E N D  -----------
6 T H E D C D 2  D E F O R M A T I O N  --------------
7 T H E I N - P L A N E  C 0 3  R O C K  -----------
8 T H E C - C  S T R E T C H ----------------------------
9 T H E S C I S S O R S  B E N O  --------------------
1 0 T H E 0 = C - Z  R O C K  -------------------------------
1 0 . 6 0 7 1  0 . 0 0 0 5  0 . 0  0 . 0  - 0 . 0 0 0 9  0 . 1 4 3 6 - 0 . 1 1 5 0 - C . 0 0 1 8  0 . 0  - 0 . 0 9 0 4
2  0 . 0 0 0 5  0 . 5 2 3 9  0 . 0  0 . 0  - 0 . 1 0 0 9  0 . 0 0 0 4  0 . 0 0 0 6 - 0 . 0 4 7 8  0 . 0  0 . 0 0 0 4
3  0 . 0  0 . 0  0 .  1 4 5 9 - 0 . C 4 3 4  0 . 0  0 . 0  0 . 0 5 3 6 - 0 . 0 5 1 2 - 0 . 0 6 4 9  0 . 0 9 9 4
4  0 . 0  0 . 0  - 0 . 0 4 3 4  0 . 1 3 6 0  0 . 0  0 . 0  - 0 . 0 6 3 5 - 0 . 0 2 9 5 - 0 . 0 7 3 5 - 0 . I 1 5 8
5  - 0 . 0 0 0 9 - 0 . 1 0 0 9  0 . 0  0 . 0  1 . 2 C 1 4 - 0 . 0 0 6 8 - 0 . 0 0 9 5  0 . 1 7 6 0  0 . 0  - 0 . 0 0 2 4
6  0 . 1 4 3 6  0 . 0 0 0 4  0 . 0  0 . 0  - 0 . 0 0 6 8  1 . 2 2 1 7  0 . 0 5 4 6 - 0 . 0 0 1 8  0 . 0  - 0 . 1 1 7 4
7  - 0 . 1 1 5 0  0 . 0 0 0 6  0 . 0 5 3 6 - C . 0 6 3 5 - 0 . C C 9 5  0 . 0 5 4 6  0 . 5  9 5 6 - 0 . 0 0 0 2  0 . 0 2 1 2  0 . 1 9 5 6
8  - 0 . 0 0 1 8 - 0 . 0 4 7 8 - 0 . 0 5 1 2 - 0 . 0 2 9 5  0 . 1 7 6 0 - 0 . 0 0 1 8 - 0 . 0 0 0 2  0 . 1 6 6 7  0 . 1 3 9 0 - 0 . 0 0 1 8
9  0 . 0  0 . 0  - 0 . 0 6 4 9 - 0 . C 7 3 5  O . C  0 . 0  0 . 0 2 1 2  0 . 1 3 9 0  0 . 3 5 0 6  0 . 0 4 9 1
1 0  - 0 . 0 9 0 4  0 . 0 0 0 4  0 . 0 9 9 4 - 0 . 1 1 5 8 - 0 . O C 2 4 - 0 . 1 1 7 4  0 . 1 9 5 6 - 0 . 0 0 1 8  0 . 0 4 9 1  0 . 2 9 6 9
1 1  T H E  A * • D C 0 2  S T R E T C H  --------------
1 2  T H E  A "  0 C Q 2  D E F O R M A T I O N  -
1 3  T H E  O U T - O F - P L A N E  C 0 3  H A G
1 4  T H E  O U T - O F - P L A N E  H A G  ----------- --
1 5  T H E  T O R S I O N  ----------------------------------------
1 1  0 . 6 0 8 5  0 . 1 4 5 6  0 . 1 1 3 6  0 . 0 5 8 7  0 . 0 1 4 3
1 2  0 . 1 4 5 6  1 . 2 4 3 0 - 0 . 0 6 3 1  0 . 0 7 6 3  0 . 0 2 6 8
1 3  0 . 1 1 3 6 - 0 . 0 6 3 1  0 . 5 8 3 9  0 . 2 0 0 9  0 . 0 3 3 3
1 4  0 . 0 5 8 7  C . C 7 6 3  C . 2 0 0 9  0 . 4 5 6 6  0 . 0 7 0 5
1 5  0 . 0 1 4 3  0 . 0 2 6 8  0 . 0 3 3 3  0 . 0 7 0 5  0 . 1 9 0 6
G MATRIX FOR THE MULECULE C03-C0F
IV-1£3
1 T H E  A S Y M .  H C H 2  S T R E T C H  -------
2  T H E  S Y M M E T R I C  C H 3  S T R E T C H
3  T H E  C-=C S T R E T C H ---------------------------
A  T H E  H C H 2  D E F O R M A T I O N  -------------
5  T H E  C H 3  U M B R E L L A  B E N D  ----------
6  T H E  I N - P L A N E  C H 3  R O C K  ----------
7  T H E  C - C  S T R E T C H  ---------------------------
0  T H E  C - Z  S T R E T C H  ---------------------------
9  T H E  S C I S S O R S  0 E N O  --------------------
1 0  T H E  0 = C - Z  R O C K  ------------------------------
1 1 . 1 0 2 1 0 . 0  0 . 0 0 . 1 4 1 1 0 . 0 ■ 0 . 1 1 5 8
2 U .  0 1 . 0 2 2 5  0 . 0 0 . 0  - 0 . 1 0 8 1 0 . 0
3 0 . 0 0 . 0  0 . 1 4 5 9 0 . 0 0 . 0 0 . 0 5 4 3
4 0 . 1 4 1 1 0 . 0  0 . 0 2 . 2 6 8 8 0 . 0 0 . 2 8 7 7
5 0 . 0 - 0 . 1 0 8 1  0 . 0 0 . 0 2 . 1 3 3 2 0 . 0
6 - 0 . 1 1 5 8 0 . 0  0 . 0 5 4 3 0 . 2 8 7 7 0 . 0 1 . 0 2 3 7
7 0 .  0 - 0 . 0 5 0 2 - 0 . 0 5 0 2 0 . 0 0 . 1 7 9 5 0 . 0
8 0 . 0 0 . 0  - 0 . 0 4 2 0 0 . 0 0 . 0 - 0 . 0 6 2 8
9 0 . 0 0 . 0  - 0 . 0 4 9 3 0 . 0 0 . 0 0 . 0 2 4 2
1 0 - 0 .  0 9 0 3 0 . 0  0 . 0 9 1 2 - - 0 .  1 1 6 0 0 . 0 0 . 1 9 4 1
0  0 . 0  0 . 0  —0 . 0 9 0 3
- 0 . 0 5 0 2  0 . 0  0 . 0  0 . 0
0 . 0 5 0 2 - 0 . 0 4 2 0 - 0 . 0 4 9 3  0 . 0 9 1 2  
0 . 0  0 . 0  0 . 0  - 0 . 1 1 6 0  
0 . 1 7 9 5  0 . 0  0 . 0  0 . 0
0 . 0  - 0 . 0 6 2 8  0 . 0 2 4 2  0 . 1 9 4 1
0 . 1 6 6 7 - 0 . 0 3 2 1  0 . 1 2 1 C  0 . 0 0 9 0  
0 . 0 3 2 1  0 . 1 1 1 5 - 0 . 0 7 4 0 - 0 . 1 1 5 3  
0 . 1 2 1 0 - 0 . 0 7 4 0  0 . 2 6 5 3  0 . 0 8 6 7  
0 . 0 0 9 0 - 0 . 1 1 5 3  0 . 0 8 6 7  0 . 2 7 7 6
1 1  T H E  A "  H C H 2  S T R E T C H --------------
1 2  T H E  A ' *  H C H 2  D E F O R M A T I O N  -
1 3  T H E  O U T - O F - P L A N E  C H 3  H A G
1 4  T H E  O U T - O F - P L A N E  WAG --------------
1 5  T H E  T O R S I O N  ----------------------------------------
1 1  1 . 1 0 2 1  0 . 1 4 1 1  0 . 1 1 5 8 - 0 . 0 5 9 7 - 0 . 0 1 0 8
1 2  0 . 1 4 1 1  2 . 2 6 8 8 - 0 . 2 8 7 7 - 0 . 0 7 6 7 - 0 . 0 1 3 9
1 3  0 . 1 1 5 8 - 0 . 2 8 7 7  1 . 0 2 3 7 - 0 . 1 9 5 5 - 0 . C 3 4 3
1 4  - 0 . 0 5 9 7 - 0 . 0 7 6 7 - 0 . 1 9 5 5  0 . 3 9 8 8  0 . 0 8 3 8
1 5  - 0 . 0 1 0 8 - 0 . 0 1 3 9 - 0 . 0 3 4 3  0 . 0 8 3 8  0 . 3 5 1 1
G MATRIX FOR THE MOLECULE CH3-C0CL
IV-1£4
1 T H E A S Y M .  D C D 2  S T R E T C H  —
2 T H E S Y M M E T R I C  C 0 3  S T R E T C H
3 T H E C = 0  S T R E T C H  --------------------------
4 T H E C C C 2  D E F O R M A T I O N  -----------
5 T H E C D 3  U M B R E L L A  B E N D  ---------
6 T H E C - C  S T R E T C H ---------------------- ---
7 T H E I N - P L A N E  C D 3  R O C K  ---------
a T H E C - Z  S T R E T C H  --------------------------
9 T H E S C I S S O R S  B E N D  -------------------
1 0 T H E O - C - Z  K C C K  -----------------------------
1 0 . 6 0 6 4 0 . 0  0 . 0 0 . 1 4 1 1
2 0 .  0 0 . 5 2 6 8 -  0 . 0 0 . 0  -1
3 0 .  0 0 . 0  0 . 1 4 5 9 o . c
4 0 . 1 4 1 1 0 . 0  0 . 0 1 . 2 2 5 9
5 0 . 0 - 0 . 1 0 8 1  0 . 0 0 . 0
6 0 . 0 - 0 . 0 5 C 2 - 0 . 0 5 0 2 o . c
7 - 0 . 1 1 5 8 0 . 0  0 . 0 5 4 3 0 . C 6 9 7
8 0 .  0 0 . 0  - 0 . 0 4 2 0 0 . 0
9 0 . 0 0 . 0  - 0 . 0 4 9 3 0 . 0
1 0 - 0 . 0 9 0 3 0 . 0  0 . 0 9 1 2 - - 0 . 1 1 6 0
0 . 0 6 9 7
0.0
0 . 0  - 0 . 1 1 5 8  0 . 0
- 0 . 0 5 0 2  0 . 0  0 . 0
- 0 . 0 5 0 2  0 . 0 5 4 3 - 0 . 0 4 2 0 -  
0.0 
0.0
0 . 0 3 2 1  
0 . 0  0 . 6 C 1 0 - 0 . 0 6 2 8
0 . 1 1 1 5 -  
0 . 0 7 4 0  
0 . 1 1 5 3
0.0 
0.0 0.0 
1 . 2 6 0 7  0 . 1 7 9 5  
0 . 1 7 9 5  0 . 1 6 6 7  0 . 0
0 . 0  - 0 . 0 3 2 1 - 0 . 0 6 2 8
0 . 0  0 . 1 2 1 0  0 . 0 2 4 2
0 . 0  0 . 0 0 9 0  0 . 1 9 4 1
0.0
0.0




0 . 0 2 4 2
0 . 0 7 4 0
0 . 2 6 5 3
0 . 0 8 6 7
- 0 . 0 9 0 3
0.0
0 . 0 9 1 2
- 0 . 1 1 6 0
0.0
0 . 0 0 9 0
0 . 1 9 4 1
- 0 . 1 1 5 3
0 . 0 8 6 7
0 . 2 7 7 6
1 1 T H E A "  D C D 2  S T R E T C H --------
1 2 T H E A * '  D C D 2  D E F O R M A T I O N
1 3 T H E O U T - O F - P L A N E  C D 3 WAG
1 4 T H E C U T - O F - P L A N E  HAG --------
1 5 TH E T O R S I O N ----------------------------------
1 1  0 . 6 0 6 4  0 . 1 4 1 1  0 . 1 1 5 8 - 0 . 0 5 9 7 - 0 . 0 1 0 8
1 2  0 . 1 4 1 1  1 . 2 2 5 9 - 0 . Q 6 9 7 - 0 . 0 7 6 7 - 0 . 0 1 3 9
1 3  0 . 1 1 5 8 - 0 . C 6 S 7  0 . 6 0 1 0 - 0 . 1 9 5 5 - 0 . 0 3 4 3
1 4  - 0 . 0 5 9 7 - 0 . 0 7 6 7 - 0 . 1 9 5 5  0 . 3 9 8 8  0 . 0 8 3 8
1 5  - 0 . 0 1 0 8 - 0 . 0 1 3 9 - 0 . 0 3 4 3  0 . 0 8 3 8  0 . 1 9 0 9
G MATRIX FUR THE MULECULE CD3-C0CL
iv-152
1 T H E A S Y M .  H C H 2  S T R E T C H  --------
2 T H E S Y M M E T R I C  C H 3  S T R E T C H
3 T H E C = 0  S T R E T C H  -----------------------------
4 T H E H C h 2  D E F O R M A T I O N  --------------
5 T H E C H 3  U M B R E L L A  B E N D  -----------
6 T H E I N - P L A N E  C H 3  R O C K  -----------
7 T H E C - C  S T R E T C H  ----------------------------
8 T H E C - Z  S T R E T C H  ----------------------------
9 T H E S C I S S O R S  B E N D  --------------------
1 0 T H E 0 = C - Z  R O C K  --------------------------------
1 1 . 1 C 2 1 0 . 0 0 . 0 0 . 1 4 1 1 0 . 0 - 0 . 1 1 5 8 0 . 0  0 . 0 0 . 0  - 0 . 0 9 0 2
2 0 . 0 1 . 0 2 2 5 0 . 0 0 . 0  —0 . 1 0 8 1 0 . 0 - 0 . 0 5 0 2  C . O 0 . 0 0 . 0
3 0 .  0 0 . 0 0 . 1 4 5 9 0 . 0 0 . 0 0 . 0 5 4 3 - 0 . 0 5 0 2 - 0 . 0 4 2 0 - - 0 . 0 4 5 0 0 . 0 8 8 7
4 0 . 1 4 1 1 0 . 0 0 . 0 2 . 2 6 8 8 0 . 0 0 . 2 8 7 3 0 . 0  0 . 0 0 . 0  - 0 . 1 1 5 9
5 0 . 0 - 0 . 1 C 8 1 0 . 0 0 . 0 2 . 1 3 3 2 0 . 0 0 . 1 7 9 5  O . C 0 . 0 0 . 0
6 - 0 . 1 1 5 8 0 . 0 0 . 0 5 4 3 0 . 2 8 7 8 0 . 0 1 . 0 2 3 5 0 . 0  - 0 . 0 6 2 8 0 . 0 2 5 8 0 . 1 9 3 0
7 0 . 0 - 0 . 0 5 0 2 - 0 . 0 5 0 2 c . o 0 . 1 7 9 5 0 . 0 0 . 1 6 6 7 - 0 . C 3 2 1 0 . 1 1 6 4 0 . 0 1 1 7
B 0 . 0 0 . 0 0 . 0 4 2 0 0 . 0 0 . 0 - 0 . 0 6 2 8 - 0 . 0 3 2 1  0 . 0 9 5 8 - - O . C  7 3 9 - - 0 . 1 1 5 2
9 0 . 0 0 . 0 0 . 0 4 5 0 0 . 0 0 . 0 0 . 0 2 5 8 0 . 1 1 6 4 - 0 . 0 7 3 9 0 . 2 4 5 3 0 . 0 9 7 1
. 0 - 0 . 0 9 0 2 0 . 0 0 . 0 8 8 7 - ■ 0 . 1 1 5 9 0 . 0 0 . 1 9 3 0 0 . 0 1 1 7 - 0 . 1 1 5 2 0 . 0 9 7 1 0 . 2 7 2 0
1 1 T H E A * • H C H 2  S T R E T C H -----
1 2 T H E A * *  H C H 2  O E F O R M A T I O N  -
1 3 T H E D U T - O F - P L A N E  C H 3 WAG
1 4 T H E O U T - O F - P L A N E  WA G ---—
L 5 T H E T O R S I O N  ------------------------- -----
1 1  1 . 1 0 2 1  0 . 1 4 1 1  C . 1 1 5 8 - 0 . 0 5 9 7 - 0 . 0 1 0 8
1 2  0 . 1 4 1 1  2 . 2 6 8 8 - 0 . 2 8 7 8 - 0 . 0 7 6 7 - 0 . 0 1 3 9
1 3  0 . 1 1 5 8 - 0 . 2 8 7 8  1 . 0 2  3 5 - 0 . 1 9 2 5 - 0 . 0 3 6 0
1 4  - 0 . 0 5 5 7 - 0 . 0 7 6 7 - 0 . 1 9 2 5  0 . 3 8 1 0  0 . 0 8 9 4
1 5  - 0 . 0 1 0 8 - 0 . 0 1 3 9 - 0 . 0 3 6 0  0 . 0 8 9 4  0 . 3 5 1 0
G MATRIX FUR THE MOLECULE CH3-C0BR
IV-1£6
1 T H E A S Y M .  DC0 2  S T R E T C H  ------
2 T H E S Y M M E T R I C  C 0 3  S T R E T C H
3 T H E C = 0  S T R E T C H  --------------------------
4 T H E 0 C D 2  D E F O R M A T I O N  ------------
5 T HE C D 3  U M B R E L L A  B E N D  ---------
6 T H E I N - P L A N E  C D 3  R U C K  ---------
7 T H E C - C  S T R E T C H  --------------------------
8 T H E C - Z  S T R E T C H  --------------------------
9 T H E S C I S S O R S  B E N D  -------------------
1 0 T H E 0 * C - Z  R O C K  -----------------------------
1 0 . 6 0 6 4 0 . 0 0 . 0 0 . 1 4 1 1 0 . 0 - 0 . 1 1 5 8 0 . 0  0 . 0 0 . 0  - 0 . 0 9 0 2
2 0 . 0 0 . 5 2 6 8 0 . 0 0 . 0  - 0 . 1 C 8 1 0 . 0 - 0 . 0 5 0 2  0 . 0 0 . 0 0 . 0
3 0 . 0 0 . 0 0 .  1 4 5 9 0 . 0 0 . 0 0 . 0 5 4 3 - 0 . 0 5 0 2 - 0 . 0 4 2 0 ' - 0 . 0 4 5 0 0 . 0 8 8 6
4 0 . 1 4 1 1 0 . 0 0 . 0 1 . 2 2 5 9 0 . 0 0 . 0 6 9 7 0 . 0  0 . 0 0 . 0  - 0 . 1 1 5 9
5 0 . 0 - 0 . 1 C 9 1 0 . 0 0 . 0 1 . 2 6 0 7 0 . 0 0 . 1 7 9 5  0 . 0 0 . 0 0 . 0
to - 0 . 1 1 5 8 0 . 0 0 . 0 5 4 3 0 . 0 6 9 7 0 . 0 0 . 6 0 0 9 0 . 0  - 0 . 0 6 2 8 0 . 0 2 5 8 0 . 1 9 3 0
7 0 . 0 - 0 . 0 5 0 2 - 0 . 0 5 0 2 0 . 0 0 . 1 7 9 5 0 . 0 0 . 1 6 6 7 - 0 . 0 3 2 1 0 . 1 1 6 4 0 . 0 1 1 7
8 0 . 0 0 . 0 - 0 . 0 4 2 0 0 . 0 0 . 0 - 0 . 0 6 2 8 - 0 . 0 3 2 1  0 . 0 9 5 8 - - 0 . 0 7 3 9 - 0 . 1 1 5 2
9 c. 0 C . O - 0 . 0 4 5 0 0 . 0 0 . 0 0 . 0 2 5 8 0 . 1 1 6 4 - 0 . 0 7 3 9 0 . 2 4 5 3 0 . 0 9 7 1
1 0 - 0 . 0 9 0 2 0  . 0 0 . 0 8 8 6 - 0 . 1 1 5 9 0 . 0 0 . 1 9 3 0 0 . 0 1 1 7 - 0 . 1 1 5 2 0 . 0 9 7 1 0 . 2 7 2 0
1 1 T H E A ' *  C C D 2  S T R E T C H  --------------
1 2 T H E A "  0 C D 2  D E F O R M A T I O N  -
1 3 T H E C U T - O F - P L A N E  C 0 3  WAG
1 4 T H E O U T - O F - P L A N E  WAG --------------
1 5 T H E T O R S I O N  ----------------------------------------
1 1  0 . 6 0 6 4  C . 1 4 1 1  0 . 1 1 5 8 - 0 . 0 5 9 7 - 0 . 0 1 0 8
1 2  0 . 1 4 1 1  1 . 2 2 5 9 - 0 . 0 6 9 7 - 0 . 0 7 6 7 - 0 . 0 1 3 9
1 3  0 . 1 1 5 8 - 0 . C 6 9 7  C . 6 C C 9 - 0 . 1 9 2 5 - 0 . C 3 6 0
1 4  - 0 . 0 5 9 7 - 0 . 0 7 6 7 - 0 . 1 9 2 5  0 . 3 8 1 0  0 . 0 8 9 4
1 5  - 0 . 0 1 C 8 - 0 . C 1 3 9 - 0 . 0 3 6 0  0 . 0 8 9 4  0 . 1 9 0 8
G MATRIX FOR THE MOLECULE C03-C0BR
IV-157
1 T H E C - Z  S T R E T C H  ----------------------------
2 T H E C = C  S T R E T C H  ----------------------------
3 T H E S C I S S O R S  SEND -------
4 T H E S Y M M E T R I C  C F 3  S T R E T C H
5 T H E A S Y M .  F C F 2  S T R E T C H  --------
6 T H E C - C  S T R E T C H ------------- ---------------
7 T H E C F 3  U M B R E L L A  8 E N 0  -----------
8 T H E F C F 2  O E F O R M A T I O N  --------------
9 T H E 0 = C - Z  R O C K  -------------------------------
1 0 T H E I N - P L A N E  C F 3  R O C K  -----------
1 1 . 0 7 5 6 - ■ 0 . 0 4 1 7 - 0 . 0 7 3 4 0 . 0 0 . 0 ■ 0 . 0 3 9 4 0 . 0 0 . 0 - 0 . 1 0 9 8 - ■ 0 . 0 5 8 4
2 - 0 . 0 4 1 7 0 . 1 4 5 9 - 0 . 0 8 1 1 0 . 0 0 . 0 0 . 0 4 3 9 0 . 0 0 . 0 0 . 1 1 1 9 0 . 0 5 6 3
3 - 0 . 0 7 3 4 - 0 . 0 8 1 1 1 . 6 0 4 1 0 . 0 0 . 0 0 . 1 5 4 6 0 . 0 0 . 0 - 0 . 6 9 6 5 0 . 0 0 0 3
4 0 . 0 0 . 0 0 . 0 0 . 0 8 1 3 0 . 0 ■ 0 . 0 4 8 9 - - 0 . 0 8 5 1 0 . 0 0 . 0 0 . 0
5 0 .  0 0 . 0 0 . 0 0 . 0 0 . 1 6 3 3 0 . 0 0 . 0 0 . 1 1 6 8 - 0 . C 8 8 2 - ■ 0 . 1 0 6 3
o - 0 .  0 3 9 4 - ■ 0 . 0 4 3 9 0 . 1 5 4 6 - C . 0 4 8 9 0 . 0 0 . 1 6 6 7 0 . 1 4 5 1 0 . 0 - 0 . 0 0 6 0 0 . 0
7 0 . 0 0 . 0 0 . 0  - 0 . 0 8 5 1 0 . 0 0 . 1 4 5 1 0 . 3 1 2 6 0 . 0 0 . 0 0 . 0
6 0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 1 6 8 0 . 0 0 . 0 0 . 1 9 7 0 - 0 . 0 9 3 1 - 0 . 0 9 7 1
9 - 0 .  1 0 9 8 0 . 1 1 1 9 - 0 . 6 9 6 5 0 . 0 - 0 . 0 0 8 2 - - 0 . 0 0 6 0 0 . 0  - 0 . 0 9 3 1 0 . 7 0 6 0 0 . 1 8 6 4
1 0 - 0 . 0 5 8 4 0 . 0 5 6 3 0 . 0 0 0 3 0 . 0 - 0 . 1 C 6 3 0 . 0 0 . 0 - 0 . 0 9 7 1 0 . 1 8 6 4 0 . 1 8 4 4
1 1 T H E A *  • F C F 2  S T R E T C H  --------------
1 2 T H E C U T - O F - P L A N E  WAG --------------
1 3 T H E A *  • F C F 2  D E F O R M A T I O N  -
1 4 T H E O U T - O F - P L A N E  C F 3  WAG
1 5 T H E T O R S I O N  ----------------------------------------
1 1  0 . 1 6 3 3  0 . 0 3 0 5  0 . 1 1 6 8  0 . 1 0 6 3  0 . 0 0 2 6
1 2  0 . 0 3 0 5  0 . 3 2 6 5  0 . 0 3 2 2  0 . 1 0  7 0 - 0 . 2 1 4 8
1 3  0 . 1 1 6 8  C . 0 3 2 2  0 . 1 9 7 0  0 . 0 9 7 1  0 . 0 0 2 6
1 4  0 . 1 0 6 3  0 . 1 C 7 C  0 . 0 9 7 1  0 . 1 8 4 4  0 . 0 0 2 2
1 5  0 . 0 0 2 6 - 0 . 2 1 4 8  0 . 0 0 2 8  0 . 0 0 2 2  0 . 2 9 5 0
G MATRIX FOR THE MOLECULE CF3-C0H
IV-158
1 THE c-z s t r e t c h ----------
2 THE C=C STRETCH ----------
3 THE SYMMETRIC CF3 STRETCH
4 THE ASYM. FCF2 STRETCH ---
5 THE SCISSORS BEND -------
6 THE C-C STRETCH ----------
7 THE CF3 UMBRELLA BENO ----
8 THE FCF2 DEFORMATION -----
9 THE U=C-Z ROCK -----------
10 THE IN-PLANE CF3 ROCK ----
1 0.5799-0.04-17 0.0 0.0 -0.0734-0.0394 0.0 0.0 -0.1098-0.0504
2 -0.0417 0.1459 0.0 0.0 -0.0811-0.0439 0.0 0.0 0.1119 0.0563
3 0.0 0.0 0.0813 0.0 0.0 -0.0489-0.0851 0.0 0,0 0.0
4 0.0 0.0 0.0 0.1633 0.0 0.0 0.0 0.1169-0.0882-0.1063
5 -0.0734-0.0811 0.0 0.0 0.9783 0.1546 0.0 0.0 -0.3351 0.0003
to -U.0394-0.0439-0.0489 0.0 0.1546 0.1667 0.1451 0.0 -0.0060 0.0
7 0.0 0.0 -0.0851 0.0 0.0 0.1451 0.3126 0.0 0.0 0.0
8 0.0 0.0 0.0 0.1168 0.0 0.0 0.0 0.1970-0.0931-0.0971
9 -0.1098 0.1119 0.0 -0.0882-0.3351-0.0060 0.0 -0.0931 0.4974 0.1864
10 -0.0584 0.0563 0.0 -0.1063 0.0003 0.0 0.0 -0.0971 0.1864 0.1844
11 THE A • • FCF2 STRETCH -----
12 THE GUT-OF-PLANE WAG -----
13 THE A "  FCF2 DEFORMATION -
14 THE OUT-OF-PLANE CF3 WAG
15 THE TORSION ---------------
11 0.1633 0.0305 0.1168 0.1063 0.0026
12 0.0305 0.2302 0.0322 0.1070-0.1010
13 0.1168 0.0322 0.197C 0.0971 0.0028
14 0.1063 0.107C 0.C971 0.1844 0.0022
15 0.0026-0.101C 0.0028 0.0022 0.1607
G MATRIX FOR THE MOLECULE CF3-COO
IV-159
1 THE C=0 STRETCH ----------
2 THE SYMMETRIC CF3 STRETCH
3 THE ASYM. FCF2 STRETCH ---
4 THE C-Z STRETCH ----------
5 THE C-C STRETCH ----------
6 THE SCISSORS BEND -------
7 THE CF3 UMBRELLA SEND ----
8 THE FCF2 DEFORMATION -----
9 THE C=C-Z ROCK ------------











0.1459 0.0 0.0 -0.0312-0.0513-
0.0 0.0859 0.0 0.0 -0.0526
0.0 0.0 0.1610 0.0 0.0 






0.1181 0.1467-0.0417 0.1667 
■0.0529 0.0 0.0 -0.0809 0.1181 0.2682 0.0
0.0 -0.0926 0.0 0.0 0.1467
0.0 0.0 0.1103 0.0 0.0
0.0916 0.0 -0.0884-C.1138 0.0112



























11 THE A "  FCF2 STRETCH-----
12 THE A "  FCF2 DEFORMATION - 
13.THE OUT-OF-PLANE rfAG -----
14 THE OUT-OF-PLANE CF3 WAG
15 THE TORSION---------------
11 0.1610 0.1103 0.0669-0.1082 0.0064
12 0.1103 0.1835 0.C681-0.0945 0.0065
13 0.0669 0.0681 0.4568-0.2057 0.0737
14 -0.1082-0.0945-0.2057 0.1915-0.0256
15 0.0064 0.0C65 0.0737-0.0256 0.0424
G MATRIX FOR THE MOLECULE CF3-C0F
IV-160
1 THE C=0 STRETCH ----------
2 THE SYMMETRIC CF3 STRETCH
3 THE ASYM. FCF2 STRETCH ---
4 THE C-C STRETCH ----------
5 THE C-Z STRETCH ----------
6 THE FCF2 DEFORMATION-----
7 THE CF3 UMBRELLA B E N O ----
8 THE SCISSORS BEND -------
9 THE 0=C-Z ROCK -----------
10 THE IN-PLANE CF3 ROCK ----
1 0.1459 0,0 0.0 -0.C490-0.0478 0.0 0.0 -0.0478-0.0883 0.0526
2 0.0 0.0859 0.0 -0.0526 C.O 0.0 -0.0933 0.0 0.0 0.0
3 0.0 0.0 0.1610 0.0 0.0 0.1111 0.0 0.0 0.0857-0.1061
4 -0.0490-0.0526 0.0 0.1667-0.0271 0.0 0.1478 0.1251-0.0086 0.0
5 -0.0478 0.0 0.0 -0.0271 0.1115 0.0 0.0 -0.0709 0.1119-0.0615
6 0.0 0.0 0.1111 0.0 0.0 0.1862 0*0 0.0 0.0878-0.0929
7 0.0 -0.0933 0.0 0.1478 0.0 0.0 0.3256 0.0 0.0 0.0
8 -0.0478 0.0 0.0 0.1251-0.07C9 0.0 0.0 0.2812-0.0879 0.0249
9 -0.0883 0.0 0.0857-0.0086 0.1119 0.0878 0.0 -0.0879 0.2555-0.1740
10 0.0526 0.0 -0.1061 0.0 -0.0615-0.0929 0.0 0.0249-0.1740 0.1844
11 THE A "  FCF2 STRETCH -- —
12 THE A*' FCF2 DEFORMATION -
13 THE OUT-OF-PLANE WAG
14 THE OUT-OF-PLANE CF3 WAG
15 THE TORSION --------- — ---
11 0.1610 0.1111 0.0525 0.1061 0.0116
12 0.1111 0.1862 0.0538 0.0929 0.0119
13 0.0525 0.C538 0.3743 0.1742 0.0832
14 0.1061 C.C929 0.1742 0.1844 0.0337
15 0.0116 C.0119 0.0832 0.0337 0.0422
G MATRIX FOR THE MOLECULE CF3-C0CL
IV-161
c, zsm
1. Symmetrized Z Matrix 
Ihe Z matrices listed on the next pages are the sym­
metrized forms of the Urey-Bradley Z matrices as output 
from the program UBZM. Each symmetrized Z matrix requires 
tiro pages to complete. See page 1-25 for definition of the 
Z matrix.
IV-162
4 4 1 1.0000
1 2 9 -0.4714
1 2 5 0.V 714
LO 10 b 0.5000
iu 1 u 8 0.5C00
12 12 9 I.0000
o 6 11 0.3333
o t> 12 0.1667
15 15 IV I.0000
1 0 15 0.1544
5 5 15 0.1598
11 12 15 -0.4632
1 5 10 -0.3088
2 6 16 0.2183
11 1 1 16 -0.0681
2 6 17 -0.3191
o a 17 0.6194
13 13 17 0.6194
4 i.0 13 -C.3312
9 9 Id 0.8058
J 7 19 -0.1846
7 9 1 9 -0. 2261
10 10 19 0.2788
4 ** 2 0 0.7390
1 . 2 2 L -0.2254
1 8 21 0.2191
2 9 21 0.9118
2 9 21 C.9448
4 7 21 -0.4497
6 b 21 C. 3876
6 13 21 0.4451
7 10 21 0.5935
y 9 21 2.2949
li 13 21 -0.3506
11* 15 21 0. 18 10
l 6 22 0.0526
i 10 22 -0.2306
2 7 22 -0.1383
i 3 22 C.5641
3 9 22 1.1C32
o 8 22 0.2815
7 8 22 0.2279
b 9 22 -0.6314
10 10 22 0.7794
13 13 22 0.0444
n 8 23 0.4073
12 13 23 -G.4073
1 9 25 -0.8165
5 9 23 0.8165
6 9 30 -0.8165
7 9 32 0.8165
V 10 34 0.7C71
3 3 2 1.00CC
2 2 4 0. 6667
2 2 5 0.3333
7 7 7 0.6667
5 5 9 0.3333
5 5 1C 0.6667
6 8 11 0.3333
o 8 12 -0.3333
1 1 15 0. 1176
2 2 15 1.7585
5 6 15 -0.1598
12 12 15 C .4794
1 6 lo -0.15*4
5 5 16 0.3196
1 1 I 7 0.5228
2 9 17 1.2001
9 9 17 2.2501
4 4 18 0.7041
7 7 18 0.0898
9 10 18 -0.3736
3 9 19 0.7483
7 10 15 -0. 1610
3 3 20 0.6880
4 7 20 0.3852
1 4 21 -C. 3103
1 9 21 -0.2377
2 o 21 -0.2014
2 10 21 -0.4516
4 8 21 -0.0405
O 7 21 0.2570
7 7 21 0.3426
8 a 21 0.9460
9 10 21 -1.2131
11 15 21 0. 2175
1 1 22 0.062C
1 7 22 0.1332
2 2 22 0.1240
2 8 22 -0.1310
3 6 22 -0.4046
3 10 22 0.4796
6 9 22 -0.6314
7 9 22 -0.5955
8 10 22 -0.3548
11 11 22 C.I860
13 15 22 0.4967
6 6 23 -0.5424
13 13 23 -0.2100
2 9 25 I.1547
6 9 28 0.4082
8 9 30 -0.8165
7 9 33 -0.4082
1 1 35 -1.3333
9 9 3 1.0000
11 11 4 1.0000
7 7 6 0.1667
7 7 8 0.1667
5 6 9 -0.3333
5 6 10 0.3333
a 8 11 0.3333
e 8 12 0.6667
l 2 15 0.6217
2 5 15 -0.4367
b 6 15 0.1598
I 1 16 0.4396
2 2 16 0.8792
5 6 16 0.1598
1 8 17 0.4513
6 6 17 0.3097
11 11 17 0.5228
4 7 18 -0.1912
7 9 18 -0.2157
10 10 18 0.2694
3 10 19 0.3197
9 9 19 0.7866
3 4 20 C.7 647
7 7 20 0.3013
1 6 21 0. 0t>58
1 10 21 0.0666
2 7 21 —0.2607
4 4 21 1.6892
4 9 21 2.0138
6 8 21 -0.1709
7 8 21 -0.2700
8 9 21 0.4290
10 10 21 1.0279
13 13 21 0.6042
1 2 22 -0.0377
1 8 22 0.0926
2 3 22 0.4112
2 9 22 0.5571
3 7 22 -0.2769
6 6 22 0.2815
o 10 22 -0.3 948
7 10 22 -0.4500
9 9 22 1.67C6
11 13 22 -0.2778
15 15 22 C.1478
8 8 23 -0.2100
1 9 24 0.3165
4 9 26 1.0000
5 9 29 -0.B165
6 9 31 -0.4082
9 10 33 -0.7071
1 2 35 C.4714
1 1 4 0.3333
1 1 5 C.6667
7 10 6 0.2887
7 10 8 -0.2887
6 6 9 0.3333
6 6 10 0.1667
13 13 11 1.0000
14 14 13 1.0000
1 5 15 -0.1544
2 6 15 0.4367
11 11 15 0.6254
1 2 16 -0.6217
2 5 16 0.4367
6 6 16 0.0799
2 2 17 0.5228
6 9 17 -0.7224
1 1 13 17 -0.4513
4 9 18 0.7977
7 10 18 0. 1556
3 3 19 0.6128
7 7 19 0.0929
9 10 19 0.3916
3 7 20 0.3639
1 1 21 0.1949
1 7 21 0.0384
2 2 21 0.3543
2 8 21 -0.0930
4 6 21 -0.6927
4 10 21 -0.7789
6 9 21 -0.8162
7 9 21 -0.7004
8 10 21 -0.4677
11 11 21 0.5136
13 15 21 -0.3385
1 3 22 -C.29C8
1 9 22 -0.3939
2 6 22 -0.1310
2 10 22 0.3262
3 8 22 -0.4046
6 7 22 0.2279
7 7 22 0..2598
8 8 22 0.2815
9 10 22 1.0314
11 15 22 -0.1530
5 5 23 -0.2100
12 12 23 -0.2100
2 9 24 0.5773
3 9 27 1.0000
6 9 29 0.8165
8 9 31 0.8165
7 9 34 -0.4082
2 2 35 1.3333

























































































































































































































































































































SYMMETRIZED Z MATRIX CH3-C0H
*
IV-161].
4 1 1 . 0 0 0 0
z 3 4 - 0 . 4 7 1 4
2 3 5 0 . 4 7 1 4
10 10 b 0 . 5 0 0 0
10 1 0 8 0 . 8 0 0 0
12 12 9 1 . 0 0 0 0
8 6 11 0 . 3 3 3 3
d ti 12 0 . 1 6 6 7
1 3 13 14 1 . 0 0 3 0
2 8 15 0 . 1 5 4 4
7 7 15 0 . 1 5 9 8
11 1 2 15 - 0 . 4 6 3 2
2 7 16 - 0 . 3C39
3 a l b 0 . 2 1 8 3
i i 11 l b - 0 . 0 6 3 1
3 17 I . 2 0 0 1
b ti 17 0 . 3 0 9 7
U 1 4 17 0 . 6 1 9 4
<* 1 0 18 - 0 . 3 3 1 2
u 6 18 0 . 0C5H
I 5 19 - 0 . 1 84o
3 b 19 - 0 . 2 2 6 1
l o 1 0 19 0 . 2 7 8 8
9 4 20 0 . 7 3 8 0
c 3 21 - 0 . 2 2 5 4
'2 H 21 0 . 0 6 5 8
3 4 Z1 0 . 9 1 1 8
3 9 21 - 0 . 0 9 3 0
H 6 21 2 . 0 1 3 8
5 5 21 0 . 3 4 2 6
3 10 21 0 . 5 9 3 5
b 10 21 -  1 . 2 1 3 1
y 9 21 0 . 9 4 6 0
11 14 21 - 0 . 3 5 0 b
13 15 21 0 . 1 8 1 0
1 • 5 22 - 0 . 2 7 6 9
1 10 22 0 . 4 7 9 6
2 6 22 - 0 . 3 9 3 9
3 3 22 0 . 1 2 4 0
3 9 22 - 0 . 1 3 1 0
3 8 22 0 . 2 2 7 9
o 8 22 - 0 . 6 3 1 4
a 9 22 0 . 2 8 1 5
10 1 0 22 0 . 7 7 9 4
1 * 14 22 0 . 8 4 4 4
7 9 2 3 0 . 4 0 7 3
12 14 2 3 - 0 . 4 0 7 3
2 6 25 - 0 .  8 1 6 5
6 7 28 0 . 8 1 6 5
O 3 30 - 0 . 8 1 6 5
3 6 32 0 . 8 1 6 5
6 10 3 4 0.7071
1 1 2 1 . 0 0 0 0
3 3 4 0 . 6 6 6 7
3 3 5 0 . 3 3 3 3
5 5 7 0 . 6 6 6 7
7 7 9 0 . 3 3 3 3
7 7 10 0 . 6 6 6 7
6 9 11 0 . 3 3 3 3
a 9 12 - 0 . 3 3 3 3
2 2 15 0 . 1 1 7 6
3 3 15 1 . 7 5 8 5
7 8 15 - 0 . 1 5 9 8
12 12 15 0 . 4 7 9 4
2 8 16 - 0 . 1 5 4 4
7 7 16 0 . 3 1 9 6
2 2 17 0 . 5 2 2 8
3 8 17 - 0 . 3 1 9 1
9 9 17 0 . 6 1 9 4
4 4 18 C . 7 0 4 1
5 5 18 0 . C 398
L> 10 18 - 0 . 3 7 3 6
1 6 19 C.7 4 8 8
5 10 19 - 0 . 1 6 1 0
1 1 2 0 0 . 6 8 8 0
4 5 20 0 .  3 8 52
2 4 21 - 0 . 3 1 0 8
2 9 21 0.21 9 1
3 5 21 - 0 . 2 6 0 7
3 10 21 —0 . 4 5 1 b
4 d 21 - 0 . 6 9 2 7
5 6 21 - 0 . 7 0 0 4
6 b 21 2 . 2 9 4 9
8 8 21 0 . 3 8 7 6
9 10 21 - 0 . 4 6 7 7
11 15 21 0 . 2 1 7 5
1 1 22 0 . 5 6 4 1
1 6 22 1 . 1 0 3 2
2 2 22 0 . 0 6 2 0
2 8 22 0 . 0 9 2 6
3 5 22 - 0 . 1 8 8 3
3 10 22 0 . 3 2 6 2
5 9 2 2 0 . 2 2 7 9
6 9 22 - 0 . 6 3 1 4
a 10 22 - 0 . 3 9 4 8
u 11 22 0 .  I 8 6 0
14 15 22 C . 4 9 6 7
a 8 2 3 - 0 . 5 4 2 4
14 14 2 3 - 0 . 2 1 0 0
3 6 25 1.  1 5 4 7
6 8 2 8 C . 4 C 8 2
b 9 3 0 - 0 . 8 1 6 5
5 6 3 3 - 0 . 4 0 8 2
2 2 35 - 1 . 3 3 3 3
6 6 3 1 . 0 0 0 0
11 11 4 1 . 0 0 0 0
5 5 6 0 . 1 6 6 7
5 5 8 0 . 1 6 6 7
7 8 9 - 0 . 3 3 3 3
7 8 10 0 . 3 3 3 3
9 9 11 0 . 3 3 3 3
9 9 12 0 . 6 6 6 7
2 3 15 0 . 6 2 1 7
3 7 15 —0 . 4 3 o 7
8 8 15 0 . 1 5 9 8
2 2 16 0 . 4 3 9 6
3 3 16 0 . B 792
7 8 16 0 . 1 5 9 8
2 9 17 0 . 4 5 1 3
6 6 17 2 . 2 5 0 L
11 11 17 0 . 5 2 2 8
4 5 18 - 0 . 1 9 1 2
5 6 18 - 0 . 2 1 5 7
10 10 18 0 . 2 6 9 4
I 10 19 0 . 3 1 9 7
6 6 ’ 19 0 . 7 8 6 6
I 4 2 0 0 . 7 6 4 7
5 5 20 0 . 3 0 1 3
2 5 21 0 . 0 3 8 4
2 10 21 0 . 0 6 6 6
3 6 21 0 . 9 4 4 8
4 4 21 1 . 6 8 9 2
4 9 21 - 0 . 0 4 0 5
5 3 21 0 . 2 5 7 0
6 8 21 - 0 . 8 1 6 2
9 9 21 - 0 . 1 7 0 9
10 10 21 1 . 0 2 7 9
14 14 21 0 . 6 0 4 2
I 2 22 - 0 . 2 9 0 8
1 3 22 - 0 . 4 0 4 6
2 3 22 - 0 . 0 8 7 7
2 9 22 0 . 0 9 2 6
3 6 22 0 . 5 5 7 1
5 5 22 0 . 2 5 9 8
5 10 22 - 0 . 4 5 0 0
6 10 22 1 . 0 3 1 4
9 9 22 0 . 2 8 1 5
11 14 22 - 0 . 2 7 7 8
15 15 22 0 . 1 4 7 8
9 9 2 3 - 0 . 2 1 0 0
2 6 2 4 0 .  8 1 6 5
4 6 26 1 . 0 0 0 0
6 7 2 9 - 0 . 8 1 6 5
6 8 31 - 0 . 4 0 8 2
6 10 33 - C .  7 0 7 1
2 3 35 0 . 4 7 1 4
2 2 4 0 . 3 3 3 3
2 2 5 0 . 6 6 6 7
5 10 6 0 . 2 8 8 7
5 10 8 - 0 . 2 8 8 7
8 8 9 0 . 3 3 3 3
8 8 10 0 . 1 6 6 7
14 14 11 1 . 0 0 0 0
13 13 13 1 . 0 0 0 0
2 7 15 - 0 . 1 5 4 4
3 8 15 . 0 . 4 3 6 7
11 11 15 C . 62  54
2 3 16 - 0 . 6 2 1 7
3 7 16 0 . 4 3 6 7
B 8 16 0 . 0 7 9 9
3 3 17 0 . 5 2 2 8
6 8 17 - 0 . 7 2 2 4
11 14 17 - 0 . 4 5 1 3
4 6 18 0 . 7 9 7 7
5 10 18 0 . 1 5 5 6
1 1 19 0 . 6 1 2 8
5 5 19 0 . 0 9 2 9
6 10 19 0 . 3 9 1 6
1 5 20 0 . 3 6 3 9
2 2 21 0 . 1 9 4 9
2 6 21 - 0 . 2 3 7 7
3 3 21 0 . 3 5 4 3
3 8 21 - 0 . 2 0 1 4
4 5 21 - 0 . 4 4 9 7
4 10 21 - 0 . 7 7 8 9
5 9 21 - 0 . 2 7 0 0
6 9 21 0 . 4 2 9 0
8 10 21 0 . 4 4 5 1
11 11 21 0 . 5 1 3 6
14 15 21 - 0 . 3 3 8 5
1 3 22 0 . 4 1 1 2
1 9 22 - 0 . 4 0 4 6
2 5 22 0 . 1 ^ 3 2
2 10 22 - C . 2 3 0 6
3 8 2 2 - 0 . 1 3 1 0
5 6 22 - 0 . 5 9 5 5
6 6 22 1 . 6 7 0 6
8 8 22 0 . 2 8 1 5
9 10 22 - 0 . 3 9 4 8
11 15 22 - 0 . 1 5 3 0
7 7 2 3 - 0 . 2 1 0 0
12 1 2 . 23 - 0 . 2 1 0 0
3 6 24 0 . 5 7 7 3
1 b 2 7 l . O C O O
6 8 29 0 . 8 1 6 5
6 9 31 0 . 8 1 6 5
5 6 34 - 0 . 4 0 8 2
3 3 35 1 . 3 3 3 3






























0.6667 2 8 36 0
-0.6667 2 a 37 0
-0.6687 2 9 38 -0
-0.3333 2 9 39 o.
0.3333 2 3 40 -C
-0 . b(S6 7 2 8 41 -C
0.33 33 2 a 42 -0
1.0000 2 7 43 0
0.4714 11 12 43 -1
-0.4714 3 9 44 -0
- C . 6667 3 a 45 -0
0.3333 3 a 46 -rj
I.0000 4 5 48 0
-0.4032 4 10 50 0
-0. 7071 1 5 53 -0
0.3333 8 a 54 0
-0.666 7 8 9 55 -c
-0.3333 8 9 56 0
0.3333 12 12 57 -1
-0.666 7 a 9 58 -0
-0.6667 8 8 59 -0
0.3333 8 8 60 -0
0.6667 8 9 61 -0
0.3333 9 9 62 0
C •6667 5 8 64 0
-0. 5773 5 a 65 0
0.5773 5 5 66 -0
0.5773 5 5 68 0
-1.4142 12 13 71 -1
3 7 3 6 0.4714 3 8
3 7 37 -0.4714 3 8
3 8 38 -0.4714 3 9
3 8 39 -0.2357 3 9
3 3 4 C 0.6667 11 11
3 7 41 0.942 8 3 8
3 7 42 -0.4714 3 8
2 a 43 -0.3333 3 7
2 u 44 0.3333 2 9
11 14 44 1.0000 2 8
3 9 45 0.9428 2 8
3 9 46 -0.4714 11 14
4 5 49 -0.4032 4 10
1 5 51 0.8165 I 5
1 10 53 0.7071 7 7
7 a 55 — 0.6667 7 9
7 a 56 -0.3333 7 9
7 7 57 0.3333 7 8
7 a 58 0.3333 7 9
12 14 58 1.0000 7 8
a 9 59 0.6667 7 8
3 9 60 -0.3333 12 14
9 9 61 -1.3333 8 8
14 14 62 -1.0000 5 8
5 9 t»4 -0.3333 8 10
5 9 65 -0.3333 8 10
5 10 66 -0.5773 5 5






























SYMMETRIZED Z MATRIX CD3-C0H
IV-166
A 4 1 1 . 0 0 0 0
1 2 A - 0 . 4  714
1 2 5 0 . 4 7 1 4
10 1C' 0 C . 5 0 0 0
LO 10 8 0 . 5 0 0 0
12 12 9 1 . 0 0 0 0
6 6 11 0 . 3 3 3 3
o 6 12 0 . I 6 a 7
1 5 i 5 14 1 . 0 0  30
1 6 15 0 . 1 5 9 4
5 5 15 0 . 1 5 9 8
11 12 15 — 0 . 4 b 32
1 5 16 - 0 . 3C33
2 6 16 0 . 2 1 8 3
11 1 1 16 - 0 . 0 6 3 1
2 a 1 7 - 0 . 3 1 9 1
7 7 17 2 . 2 5 0 1
13 i  3 1 7 C . 6 1 9 4
*T 10 ia - 0 . 3 3 1 2
9 9 18 0 . 0 8 9 8
7 19 0 . 7 4 3 8
7 9 19 - 0 . 2 2 6 1
lu 10 19 0 . 2 7 8 8
4 4 2 0 0 . 7 3 8 0
1 2 21 - 0 . 2 2  54
1 . H 21 0 . 2 1 9 1
/L 9 21 0 . 8 1 1 8
2 9 21 - C . 2 6 0 7
4 7 21 2 . 0 1 3 8
6 6 21 0 . 3 8 7 6
6 10 21 0 . 4 4 5 1
7 10 21 - 1 . 2 1 3 1
7 9 21 0 . 3 4 2 6
11 1 3 21 - 0 . 3 5 3 6
15 15 21 C. 1 8 1 0
1 a 22 0 . 0 8 2 6
1 10 22 - 0 . 2 3 0 6
2 7 22 0 . 5 5 7 1
3 3 22 0 . 5 6 4 1
3 9 22 - 0 . 2  769
t> a 22 0 . 2 8 1 5
7 a 22 - 0 . 6 3 1 4
a 9 22 0 . 2 2 7 9
10 10 22 0 . 7 7 9 4
1 3 13 22 0 . 8 4 4 4
5 a 23 0 . 4 0 7 3
12 13 23 - 0 . 4 C 7 3
1 7 25 - 0 . 8 1 6 5
5 7 28 0 . 8 1 6 5
a 7 30 - 0 . 8 1 6 5
7 9 32 0 . 8 1 6 5
7 10 34 0 . 7 0 7 1
3 3 2 1 . 0 0 0 0
2 2 4 0 • 6 6 6  7
2 2 5 0 . 3 3 3 3
9 9 7 0 . 6 6 6 7
5 5 9 0 . 3 3 3 3
5 5 10 0 . 6 6 6 7
6 8 11 0 . 3 3 3 3
6 8 12 - 0 . 3 3 3 3
1 1 15 C . 1 1 7 6
2 2 15 1 . 7 5 8 5
5 6 15 - 0 . 1 5 9 8
12 12 15 0 . 4 7 9 4
1 6 16 - 0 . 1 5 4 4
5 5 16 0 . 3 1 9 6
1 1 17 C . 5 2 2 8
2 7 17 1 . 2 0 0 1
8 8 17 0 . 6 1 8 4
4 4 18 0 . 7 0 4 1
7 7 18 0 . 8C58
9 10 18 0 . 1 5 5 6
3 9 19 - 0 . 1 8 4 6
7 1G 19 0 . 3 9 1 6
3 3 2 0 0 . 6 8 8 0
4 9 2C 0 . 3 8 5 2
1 4 21 - 0 . 3 1 0 8
1 9 21 0 . 0 3 8 4
2 6 21 - 0 . 2 0 1 4
2 10 21 - 0 . 4 5 1 6
4 8 21 - 0 . 0 4 0 5
6 7 21 - 0 . 8 1 6 2
7 7 21 2 . 2 9 4 9
8 8 21 0 . 9 4 6 0
9 10 21 0 . 5 9 3 5
11 15 21 0 . 2 1 7 5
1 1 22 0 . 0 6 2 0
1 7 22 - 0 . 3 9 3 9
2 2 22 0 . 1 2 4 0
2 8 22 - 0 . 1 3 1 0
3 6 22 - 0 . 4 0 4 6
3 10 22 0 . 4 7 9 6
6 9 22 0 . 2 2 7 9
7 9 22 - 0 . 5 9 5 5
8 10 22 - 0 . 3 9 4 8
11 11 22 C . 1960
13 15 22 0 . 4 9 6 7
6 6 2 3 - 0 . 5 4 2 4
13 13 23 - 0 . 2 1 0 0
2 7 25 1 . 1 5 4 7
6 7 28 0 . 4 C 8 2
7 8 3C - 0 . 8 1 6 5
7 9 33 - 0 . 4 0 8 2
1 1 35 - 1 .  3 3 3 3
7 7 3 1 . 0 0 0 0
11 11 4 1 . 0 0 0 0
9 9 6 0 . 1 6 6 7
9 9 8 0 . 1 6 6 7
5 6 9 - 0 . 3 3 3 3
5 6 10 0 . 3 3 3 3
3 a 11 0 . 3 3 3 3
6 8 12 0 . 6  667
1 2 15 0 . 6 2 1 7
2 5 15 - 0 . 4 3 6 7
6 6 15 0 . 1 5 9 8
1 I 16 0 . 4 3 9 6
2 2 16 C , 8 7 9 2
5 6 16 0 . 1 5 9 8
1 8 17 0 . 4 5 1 3
6 6 17 0 . 3 0 9 7
11 11 1 7 C . 5 2 2 3
4 7 18 0 . 7 9 7 7
7 9 18 - 0 . 2 1 5 7
10 10 18 0 . 2 6 9 4
3 10 19 0 . 3 1 9 7
9 9 19 0 . 0 9 2 9
3 4 2 0 0 . 7 6 4 7
9 9 20 0 . 3 0 1 3
1 6 21 0 . 0 6 5 8
1 10 21 C . 0 6 6 6
2 7 21 0 . 9 4 4 8
4 4 21 1 . 6 8 9 2
4 9 21 - 0 . 4 4 9 7
6 8 21 - 0 . 1 7 0 9
7 8 21 0 . 4 2 9 0
8 9 21 - 0 . 2 7 0 0
10 10 21 1 . 0 2 7 9
13 13 2 1 0 . 6 0 4 2
1 2 22 - 0 . 0 3 7 7
1 8 22 0 . 0 9 2 6
2 3 22 0 . 4 1 1 2
2 9 2 2 - 0 . 1 8 3 3
3 7 22 1 . 1 0 3 2
6 6 22 0 . 2 8 1 5
6 10 22 - G . 3 948
7 10 22 1 . 0 3 1 4
9 9 22 0 . 2 5 9 8
11 13 22 - C . 2 7 7 8
15 15 22 0 . 1 4 7 8
8 8 2 3 - 0 . 2 1 0 0
1 7 2 4 0 . 8 1 6 5
4 7 26 1 . 0 0 0 0
5 7 2 9 - 0 . 9 1 6 5
6 7 31 - 0 . 4 0 8 2
7 10 33 - 0 . 7 0 7 1
1 2 3 5 0 . 4 7 1 4
1 1 4 0 . 3 3 3 3
1 1 5 0 . 6 6 6 7
9 10 6 0 . 2 8 8 7
9 10 8 - 0 . 2 8 8 7
6 6 9 0 . 3 3 3 3
6 6 10 0 . 1 6 6 7
13 13 11 1.0000
14 14 13 1.0000
1 5 15 - 0 . 1 5 4 4
2 6 15 0 . 4 3 6 7
11 11 15 0 . 6 2 5 4
1 2 16 - 0 . 6 2 1 7
2 5 16 0 . 4 3 6 7
6 6 16 0 . 0 7 9 9
2 2 17 0 . 5 2 2 8
6 7 17 - 0 . 7 2 2 4
11 13 17 - 0 . 4 5 1 3
4 9 19 - 0 . 1 9 1 2
7 10 18 - 0 . 3 7 3 6
3 3 19 0 . 6 1 2 8
7 7 19 0 . 7 8 6 6
9 10 19 - 0 . 1 6 1 0
3 9 2 0 0 . 3 6 3 9
1 1 21 0 . 1 9 4 9
1 7 21 - 0 . 2 3 7 7
2 2 21 0 . 3 5 4 3
2 8 21 - 0 . 0 9 3 0
4 6 21 - 0 . 6 9 2 7
4 10 21 - 0 . 7 7 8 9
6 9 21 0 . 2 5 7 0
7 9 21 - 0 . 7 0 . 0 4
6 10 21 - 0 . 4 6 7 7
11 11 21 0 . 5 1 3 6
13 15 21 - 0 . 3 3 8 5
1 3 2 2 - C . 2 9 0 8
1 9 22 0 . 1 3 3 2
2 6 22 - 0 . 1 3 1 0
2 10 22 0 . 3 2 6 2
3 8 22 - 0 . 4 0 4 6
6 7 22 - 0 . 6 3 1 4
7 7 22 1 . 6 7 0 6
8 8 22 0 - 2 8 1 5
9 10 22 - C . 4 5 0 0
11 15 22 - 0 . 1 5 3 0
5 5 23 - 0 . 2 1 0 0
12 12 23 - 0 . 2 1 0 0
2 7 2 4 0 . 5 7 7 3
3 7 27 1.0000
6 7 2 9 0 . 8 1 6 5
7 8 31 0 . 8 1 6 5
7 9 34 - 0 . 4 0 8 2
2 2 35 1 . 3 3 3 3
SYMMETRIZED I MATRIX CH3-C0D
IV-167
1 5 36 .0.6667
I 3 37 -C. 6667
1 6 38 -0.6667
1 6 39 -0.3333
1 1 40 C.3333
1 5 41 -0.6667
1 5 42 0.3333
w 12 42 1.0000
2 6 43 0.4714
2 a 44 -0.4714
I H 45 -0.6667
I B 46 0.3333
3 A 47 1.0000
4 9 5C -0.4082
J 10 52 -C.7071
3 o 54 0.3333
Cl 6 55 -0.6667
o o 5b -0.3333
5 6 57 0.3333
o b 58 -0.6667
5 a 59 -0.6667
5 B 60 0.3333
D 6 61 0.6667
6 a 62 0.3333
e 9 63 0.6667
b in o4 -0.5773
b 10 65 0. 5773
9 10 67 0.5773
13 14 70 -1.4142
1 6 36 0.3333
1 6 37 C.6667
1 8 38 -G.6667
1 8 39 0. o667
1 2 4C -0.4714
1 6 41 -0.3333
1 6 42 -0.3333
1 5 43 0.3333
11 12 43 -1.0000
2 8 44 -0.4714
2 6 45 -0.4714
2 6 4b -0.4714
4 9 43 0. 8165
4 10 50 0.7C71
3 9 53 -C.4082
6 6 54 0•6667
6 8 55 -0.3333
6 8 56 0.3333
12 12 57 -1.C0C0
b 8 58 -0.3333
6 6 59 —C.6667
6 6 60 -0.6667
6 8 61 -0.3333
8 a 62 0.3333
6 9 64 0.1667
6 9 65 0.1667
9 9 66 -0.6667
9 9 68 0.3333
12 14 71 -1.4142
»
2 5 36 0.4714
2 5 37 -0.4714
2 6 38 -0.4714
2 o 39 -0.2357
2 2 4C 0.6667
2 5 41 0.9428
2 5 42 -0.4714
1 6 43 -0.3333
I 6 44 0.3333
11 13 44 1.0000
2 B 45 0.9428
2 8 46 -0.4714
4 9 49 -0.4082
3 9 51 0.8165
3 10 53 0.7071
5 6 55 -0.6667
5 6 56 -0.3333
5 5 57 0.3333
5 6 56 0.3333
12 13 58 1.0000
6 8 59 0•6667
6 B 60 -0.3333
8 8 61 -1.3333
13 13 62 -1.0000
6 10 64 0.2887
o 10 65 -0.2887
9 10 66 -0.5773
10 10 68 - 1.0000
2 6 26 0.2357
2 6 37 0.4714
2 8 38 -0.4714
T 8 39 0.4714
11 11 40 -1.0000
2 6 41 0.4714
2 6 42 0.4714
2 5 43 -0.4714
1 8 44 O'. 3333
1 6 45 0.3333
1 6 46 0.3333
11 13 40 -1.0000
4 10 49 -0.7071
3 9 52 -0.4082
5 5 54 -1.3333
5 8 55 -0.6667
5 8 5b 0.6667
5 6 57 -0.3333
5 8 58 0.3333
5 6 59 0.3333
5 6 60 0.3333
12 13 60 -1.0000
Cj 6 62 0.3333
6 9 63 -0.3333
8 9 64 -0.3333
8 9 65 -C.3333
9 9 67 -0.6667
14 15 69 1.0000
SYMMETRIZED Z MATRIX -CH3-C0D
IV-168
4 A 1 . 1 . 0 0 0 0
I 2 4 - 0 . 4 7 1 4
I 2 5 0 . 4 7 1 4
l u 1 0 fa 0 .  5 0 0
1.0 1 0 a 0 . 5 0 0 0
12 12 9 l . C O O O
7 7 u 0 . 3  33  3
7 7 12 0 .  1 fab7
i  o 1 5 14 1 . 0 0 0 0
1 7 15 0 . 1 5 4 4
0 fa 15 0 . 1 5 9 8
11 1 2 15 - 0 . 4 6  32
1 6 l b - G . 3 C 8 S
2 7 l b 0 . 2 1 3 3
11 1 1 16 - 0 . 0 6 3 1
i 5 17 1 . 2 0 0 1
7 7 17 0 .  3 0 9 7
l'r 1 4 17 C . 6 1 9 4
<* l " 1 IS - 0 . 3 3 1 2
0 3 l a 0 . C89B
3 5 19 C . 7 4 8 8
5 a 19 - 0 . 2 2 6 1
10 1 0 19 0 . 2 7 3 8
4 4 20 U . 7 3 3 0
1 2 21 - 0 . 2 2 5 4
1 B 21 0 . 0 3 3 4
0 4 21 0 . 9 1 1 8
L. 9 21 - 0 . 0 9 3 0
4 7 21 - 0 . 6 9 2 7
b 5 21 2 .  2 9 4 9
0 10- 21 - 1 . 2 1 3 1
1 10 21 0 . 4 4 5 1
Si 9 21 0 . 9 4 6 0
11 14 21 - 0 . 3 5 0 6
15 1 5 21 0 . 1 8 1 0
1 5 22 - 0 .  3 9 3 9
1 10 22 - 0 . 2 3 0 6
2 7 22 - 0 . 1 3 1 0
3 3 22 0 . 5 6 4 1
3 9 22 - 0 . 4 0 4 6
5 8 22 - 0 . 5 9 5 5
7 8 22 0 . 2 2 7 9
d 9 22 0 . 2 2 7 9
10 1 0 22 0 . 7 7 9 4
14 14 22 0 . 8 4 4 4
fa 9 23 0 . 4 0 7 3
12 1 4 23 - 0 . 4 0 7 3
1 5 25 - 0 . 8 1 6 5
5 fa 28 0 . 8 1 6 5
5 7 30 - 0 . 8 1 6 5
5 8 32 0 . 8 1 6 5
5 1 0 34 0 . 7 0 7 1
3 3 2 1 . 0 0 0 0
2 2 4 0 . 6 6 6 7
2 2 5 0 . 3 3 3 3
3 b 7 0 . 6 6 6 7
6 6 9 0 . 3 3 3 3
fa 6 10 0 . 6 6 6 7
7 9 11 0 . 3 3 3 3
7 9 12 - 0 . 3 3 3 3
1 1 15 0 . 1 1 7 6
2 2 15 I . 7 5 8 5
6 7 15 - C . 1598
12 12 15 C. 4 794
1 7 16 - 0 . 1 5 4 4
fa 6 16 0 . 3 1 9 6
1 1 17 C . 522  8
2 7 17 - C . 3191
9 9 17 0 . 6 1 9 4
4 4 18 0 . 7 0 4 1
5 5 18 C . 8 0 5 8
8 10 18 0 . 1 5 5 6
3 8 19 - 0 . 1 3 4 6
5 10 19 0 . 3 9 1 o
3 3 2 0 0 . 6 8 8 0
4 8 2C C . 3 8 5 2
1 4 21 - 0 , 3 1 0 8
1 9 21 0 . 2 1 9 1
2 5 21 0 . 9 4 4 8
2 10 21 - 0 . 4 5 1 6
4 3 21 - 0 . 4 4 9 7
5 7 21 - 0 . 8 1 6 2
7 7 21 0 . 3 8 7 6
3 8 21 0 . 3 4 2 6
9 10 21 - 0 . 4 6 7 7
11 15 21 0 . 2 1 7 5
1 1 22 0 . 0 6 2 0
1 7 22 0 . 0 9 2 6
2 2 22 0 . 124C
2 8 22 - 0 . 1 8 8 3
3 5 22 1 . 103 2
3 10 22 0 . 4 7 9 6
5 9 22 - 0 . 6 3 1 4
7 9 22 0 . 2 3 1 5
3 10 22 - 0 . 4 5 0 C
11 11 22 0 . I 8 6 0
14 15 22 0 . 4 9 6 7
7 7 2 3 - 0 . 5 4 2 4
14 14 2 3 - 0 . 2 1 0 0
2 5 25 1 . 1 5 4 7
5 7 28 0 . 4 0 8 2
5 9 3C - C . 8 1 6 5
5 8 33 - 0 . 4 0 8 2
1 1 3 5 - 1 . 3 3 3 3
5 5
•
3 1 . 0 0 0 0
11 11 4 1 . 0 0 0 0
8 8 fa 0 . 1 6 6 7
8 8 8 0 . 1 6 6 7
6 7 9 - 0 . 3 3 3 3
6 7 10 0 . 3 3 3 3
9 9 11 0 . 3 3 3 3
9 9 12 0 . 6 6 b 7
1 2 15 0 . 6 2 1 7
2 6 15 - 0 . 4 3 6 7
7 7 15 0 . 1 5 9 8
1 1 16 0 . 4  396
2 2 16 0 . 8 7 9 2
6 7 l b 0 . 1 5 9 8
1 9 17 0 . 4 5 1 3
5 5 17 2 . 2 5 0 1
11 11 17 0 . 5 2 2 8
4 5 IB 0 . 7 9 7 7
5 8 16 - 0 . 2 1 5 7
10 10 18 0 . 2 6 9 4
3 10 19 0 . 3 1 9 7
8 8 19 0 . 0 9 2 9
3 4 2 0 0 . 7 6 4 7
8 8 2 0 C . 3 0 1 3
1 5 21 - 0 . 2 3 7 7
1 10 21 0 . 0 6 6 6
2 7 2 1 - 0 . 2 0 1 4
4 4 21 1 . 6 8 9 2
4 9 21 - 0 . 0 4 C 5
5 8 21 - 0 . 7 C 0 4
7 8 21 0 . 2 5 7 0
8 9 21 - 0 . 2 7 C 0
10 10 21 1 . 0 2 7 9
14 14 2 1 0 . 6 0 4 2
1 2 22 - C .  0 8 7 7
I 3 22 0 . 1 3 3 2
2 3 22 0 . 4 1 1 2
2 9 22 - 0 . 1 3 1 0
3 7 22 - 0 . 4 0 4 6
5 5 22 1 . 6 7 0 6
5 10 22 1 . 0 3 1 4
7 10 22 - 0 . 3 9 4 8
9 9 22 0 . 2 8 1 5
11 14 2 2 - 0 . 2 7 7 6
15 15 22 0 . 1 4 7 8
9 9 23 - 0 . 2 1 0 0
1 5 24 0 . 8 1 6 5
4 5 2 6 1 . 0 0 0 0
5 6 29 —C . 8 1 6 5
5 7 31 - 0 . 4 0 8 2
5 10 33 - 0 . 7 0 7 1
1 2 35 0 . 4 7 1 4
1 1 4 0 . 3 3 3 3
1 1 5 0 . 6 6 6 7
3 10 6 0 . 2 8 8 7
8 10 8 - 0 . 2 8 8 7
7 7 9 0 . 3 3 3 3
7 7 10 0 . 1 6 6 7
14 14 11 1 . 0 0 0 0
13 13 13 l .C O OO
1 6 15 - 0 . 1 5 4 4
2 7 1 5 0 . 4 3 6 7
11 11 15 0 . 6 2 5 4
1 2 16 - 0 . 6 2 1 7
2 b 16 0 . 4 3 6 7
7 7 16 0 . 0 7 9 9
2 2 17 0 . 5 2 2 8
5 7 17 - 0 . 7 2 2 4
11 14 17 - 0 . 4 5 1 3
4 8 18 - 0 . 1 9 1 2
5 1C 18 - 0 . 3 7 3 6
3 3 19 0 . 6 1 2 8
5 5 19 0 . 7 8 6 6
8 10 19 - 0 . 1 6 1 0
3 8 2 0 0 . 3 6 3 9
1 1 21 0 . 1 9 4 9
1 7 21 0 . 0 6 5 0
2 2 21 0 . 3 5 4 3
2 8 21 - 0 . 2 6 0 7
4 5 21 2 . 0 1 3 8
4 1CT 21 - 0 . 7 7 8 9
5 9 21 0 . 4 2 9 0
7 9 21 - 0 . 1 7 0 9
8 10 21 0 . 5 9 3 5
11 11 21 0 . 5 1 3 6
14 15 21 - 0 . 3 3 8 5
1 3 22 - C . 2 9 C 8
1 9 22 0 . 0 9 2 6
2 5 22 0 . 5 5 7 1
2 10 22 0 . 3 2 6 2
3 8 2 2  ' - 0 . 2 7 6 9
5 7 22 - 0 . 6 3 1 4
7 7 22 0 . 2 8 1 5
8 8 22 0 . 2 5 9 8
9 10 22 - 0 . 3 9 4 8
11 15 22 - 0 . 1 5 3 0
6 6 2 3 - 0 . 2 1 0 0
12 12 2 3 - 0 . 2 1 0 0
2 5 2 4 0 . 5 7 7 3
3 5 2 7 1 . 0 0 0 0
5 7 2 9 0 . 8 1 6 5
5 9 31 0 . 8 1 6 5
5 8 3 4 - 0 . 4 0 8 2
2 2 35 1 . 3 3 3 3
SYMMETRIZED Z MATRIX CD3-C0D
IV-169
1 6 36 0. 666.7 I 7 36 0.3333
i 0 37 “0.6667 1 7 37 0.6667
1 7 38 -0. 6667 1 9 38 — C.6667
1 7 39 -0.3333 1 9 39 0.6667
1 1 40 0.3333 1 2 4C -C.4714
i 6 41 -0. 666? 1 7 41 -0.3333
1 6 42 0.3333 1 7 42 -0.3333
il 12 42 1.0000 1 6 43 0.3333
2 7 43 C.4714 11 12 43 - l.OOCO
2 7 44 -0.4714 2 9 44 -0.4714
1 9 4b -0. 6667 2 7 45 -0.4714
i 9 46 0.3333 2 7 46 -0.4 714
3 4 4 7 1.0000 4 8 46 0.8165
4 a 50 -0. 40 32 4 10 5C 0.7071
3 10 52 -0.7071 3 8 53 -0.4C82
t> 7 54 0.3333 7 7 54 0.6667
7 7 55 -0.6667 7 9 55 -C. 3333
7 7 56 -0.3333 7 9 56 0.3333
7 7 57 0. 3 333 12 12 57 -l.OOCO
7 7 58 -0.6667 7 9 58 -C.3333
0 9 59 -0•6o67 7 7 59 —0•6667
u 9 60 0.3333 7 7 6C — 0 . £jCj67
7 7 61 0.6667 7 9 61 -0.3333
7 9 62 0.3333 9 9 62 0.3333
d 9 63 0.6667 7 8 64 0.1667
* 10 64 -0.5773 7 8 65 0.1667
* 10 65 0.5773 8 6 66 -0.6667
6 10 67 0.5773 8 8 68 0.133 3
13 14 70 -1.4142 12 13 71 - 1.4142
SYMMETRIZED I MATRIX
6 36 0.4714 2 7 36 0.2357
6 37 -0.4714 2 7 37 0.4714
7 38 -0.4714 2 9 38 -0.4714
7 39 -0.2357 2 9 39 0.4714
2 40 0.6667 11 11 40 -1.0000
6 41 0.9428 2 7 41 0.4714
6 42 -0.4714 2 7 42 0.4714
7 43 -0.3333 2 6 43 -0.4714
7 44 0.3333 1 9 44 0.3333
14 44 1.0000 1 7 45 C.3333
9 45 0.942B 1 7 46 0.3333
9 46 -0.4714 11 14 46 -I.0000
8 49 -0.4082 4 10 49 -0.7071
8 51 0.8165 3 3 52 -0.4082
10 53 0.7071 6 6 54 -1.3333
7 55 -0.6667 6 9 55 -0.6667
7 56 -0.3333 6 9 56 0.6667
6 57 0.3333 6 7 57 -0.3333
7 58 0.3333 6 9 58 0.3333
14 58 1.0000 6 7 59 0.3333
9 .59 0.6667 6 7 60 0.3333
9 6 0 -C.3333 12 14 60 - 1.0000
9 61 -1.3333 7 7 62 0.3333
14 62 -1.0000 7 a 63 -0.3333
10 64 0.2887 8 9 64 -0.3333
10 65 -0.2887 8 9 6b -0.3333
10 66 -0.5773 8 8 67 -0.6667


















































































1.0000 6 6 2 1.0000 6 3 3 1.0000 1 1
-0.4714 2 2 4 0.6667 11 11 4 1.0000 1 1
0.4714 2 2 ca’' C. 3333 9 9 6 0.1667 9 10
0.5000 9 9 7 C.6667 9 9 8 0.1667 9 10
0.5000 4 4 9 0.3333 4 5 9 -0.3333 5 5
1.0000 4 4 10 0.6667 4 5 10 0.3333 5 5
0.3333 5 7 11 0.3333 7 7 11 0.3333 13 13
0.1667 5 7 12 -0.3333 7 7 12 0.6667 14 14
1.0000 1 1 15 C.1169 1 2 15 0.6209 1 4
0. 15lo 2 2 15 1.7750 2 4 15 -0.4359 2 5
0.15 35 4 5 15 -C. 1585 5 5 15 C.l585 11 11
-0.4643 12 12 15 0-.4754 1 1 16 0.4481 1 2
-0.3C87 I 5 16 -0.1544 2 2 16 0.8961 2 4
C.2103 4 4 16 0. 3164 4 5 16 0.15 82 5 5
-0.0656 1 1 17 0.5172 1 2 17 0.OQoo 1 5
0.4519 1 8 17 C.0095 2 2 17 0.5125 2 5
-0.0038 2 3 17 1.1869 5 5 17 0.3175 5 7
-0. 7305 7 7 17 0.6257 7 3 17 -0.009C 8 8
0.5078 11 13 17 -0.4573 13 13 17 0.6443 3 3
0.3228 3 9 18 -C.1790 3 10 18 -0.3100 8 8
-0. 2C24 8 10 18 -0.35C5 9 9 18 0.0801 9 10
0.2402 6 6 19 0.6045 6 8 19 0.7C77 6 9
0.4019 S 8 19 0.6838 d 9 19 -0.2540 8 10
0.1308 9 10 19 -0.2265 10 1C 19 0.3924 3 3
0.7829 3 9 20 0.3790 6 6 20 0.7685 6 9
0.3336 1 1 21 0.1989 1 2 21 -0.2018 1 3
0.0621 1 7 21 0.2359 1 8 21 -0.2097 1 9
0.0345 2 2 21 0.3415 2 3 21 0.9226 2 5
-0.0878 2 8 21 0.9530 2 9 21 -0.2373 2 10
1.7971 3 5 21 -0.7372 3 7 21 -0.0533 3 8
-3.4214 3 10 21 -0.7299 5 5 21 0.4012 5 7
-0.8433 5 9 21 0.2394 5 10 21 0.4146 7 7
0.3821 7 9 21 -0.2543 7 10 21 -0.4405 8 8
^0.6431 8 10 21 -1.1139 9 9 21 0.3064 9 10
0.9191 11 11 21 C.4842 11 13 21 -0.3600 11 15
0.6565 13 15 21 -0.3332 15 15 21 0.1641 1 1
-0.0520 1 5 22 0.07C8 1 6 22 -0.2552 1 7
-0.3251 1 9 22 0. 1376 1 10 22 -0.2 384 2 2
-0.1001 2 6 22 0.3609 2 7 22 -0. 1001 2 8
-0.194o 2 10 22 0.3371 5 5 22 0.2810 5 6
0.2810 5 a 22 -0.6169 5 9 22 0.2 760 5 10
0.5441 6 7 22 -0.4125 6 8 22 1.0742 6 9
0.6233 7 7 22 0.2810 7 3 22 -0.6169 7 9
-0.4781 8 8 22 1.5618 8 9 22 -0.6927 8 10
0.3666 9 10 22 -0.6350 10 10 22 1.0999 11 11
-C.2124 11 15 22 -0.1491 13 13 22 0.8429 13 15
0.2828 4 ✓ 4 23 -0.1898 4 5 23 -0.CC39 4 7
-0.6005 5 7 23 0.0040 7 7 23 -0.1896 12 12
-0.3949 13 13 23 -0.2013 1 8 24 0.8165 2 8
-0.8165 2 8 25 1.1547 3 8 26 1.0000 6 8
0.8165 5 6 28 0.4C82 4 8 29 -0.8165 5 8
-0.8165 7 8 30 -0.8165 5 8 31 -0.4082 7 8
SYMMETRIZEO I MATRIX CH3-C0F
IV—171
6 9 32 0.8165
a 10 34 0.7071
1 4 36 0.6667
1 4 37 — 0# 666 7
i 5 33 — 0 •6667
1 5 39 -0. 33 33
1 1 40 0.3333
1 4 41 - 0.6667
1 4 42 C.3333
11 12 42 1.0000
2 5 43 C.4714
Z 5 44 -0.4714
1 7 4b -0.6667
1 7 4(3 0.3333
3 6 47 1.0000
3 4 bO -0.4032
6 10 52 -0.7071
4 5 54 0.3333
b b 5b -0.6667
5 b 5o -0.3333
b b 57 C.3333
5 b 53 -0•6667
't 7 59 —0.6667
4 7 60 0.3333
5 5 61 0.6667
3 7 62 0.3333
7 9 63 0.6667
7 10 64 -0.5773
7 i'J 6b 0.5773
9 10 67 0.5773
13 1 4' 70 -1.4142
8 9 33 — C. 4082
1 1 35 -1.3333
1 5 36 0.3333
1 5 37 C«o6b7
1 7 38 -C. 6667
1 7 39 0.6667
1 2 4C -0.4714
1 5 41 -0. 3333
I 5 42 -0.3333
1 4 43 0.3333
11 12 43 - l.OOCO
2 7 44 -0.4714
2 5 45 -0.4714
2 5 46 -0.4714
3 9 48 0.8165
3 10 5C 0.7C71
6 9 53 -C.4C82
5 5 54 0.6667
5 7 55 -0. 3333
5 7 56 0.3333
12 12 57 -1.0000
5 7 58 -0.3333
5 b 59 -0.bo67
5 5 oC —0.6667
5 7 6 1 -0.3333
7 7 62 0.3333
5 9 64 0•166 7
5 9 65 0.1667
9 9 66 —0.6667
9 9 68 0.3333
12 14 71 -1.4142
8 10 33 -0.7071
1 2 35 0.4714
2 4 36 0.4714
2 4 37 -0.4714
2 5 38 -0.4714
2 5 39 -0.2357
2 2 4C 0.b667
2 4 41 0.9428
2 4 42 -0.4714
1 5 43 -0.3 333
1 5 44 9.3333
11 13 44 1.0000
2 7 4b 0.9428
2 7 46 -0.4714
3 9 49 -0.4082
6 9 51 0.8165
6 10 53 0.7C71
4 b 55 —0.6667
4 . 5 56 -0.3333
4 4 57 0.3333
4 5 58 0.3333
12 13 58 l.COOO
5 7 59 0.6667
5 7 60 -0.3333
7 7 6 1 -1.3333
13 13 62 -l.OOOC
5 10 64 0.2887
5 10 65 -0.2887
9 10 6 b -0.5773
10 10 68 -1.0000
8 9 34 -0.4082
2 2 35 1.3333
2 5 3b 0.2357
2 5 37 0.4714
2 7 38 -0.4714
2 7 39 0.4714
11 11 40 -I.0000
2 5 41 0.4714
2 5 42 0.4714
2 4 43 -0.4714
1 7 44 0.3333
1 5 45 0.3333
1 5 46 0.3333
11 13 46 -I.0000
3 10 49 -0.7071
6 9 52 -0.4002
4 4 54 -1.3333
4 7 55 -0.6667
4 7 56 0.6667
4 5 57 -0.3333
4 7 58 0. 3333
4 5 59 0.3333
4 5 60 0.3333
12 13 60 -1.0000
5 5 62 0.3333
5 9 b3 -0.3333
7 9 64 -0.3333
7 9 65 -0.3333
9 9 67 -0.6667
14 15 69 1.0000
SYMMETRIZED I MATRIX CH3-C0F
3 3 1 1.OCOO 4 4 2 1
1 2 4 -0.4714 2 2 4 0
1 2 5 0.4714 2 2 5 0
1C 10 6 0.5000 9 9 7 0
it- 1C 8 G.5C00 5 5 9 0,
12 12 9 1.0000 5 5 10 0
3 6 11 0.33 33 5 7 11 0
3 5 12 C.1667 5 7 12 -c
15 15 14 1.0000 1 1 15 c
1 6 15 -0.1516 2 2 15 1
5 5 15 0.1545 5 6 15 -0,
11 12 15 -0.4640 12 12 15 0
1 5 16 -0.1544 1 6 16 -c,
2 6 16 0,4366 5 5 16 0
11 1 1 lo -0. 06 5o 1 1 17 0
1 7 17 0.4 519 1 a 17 0,
7 17 -0. OC'3 6 6 17 1
5 0 17 -C.7305 7 7 17 c
11 1 1 17 C.507H 11 13 17 - c
3 8 18 6.3228 3 9 10 -0
o 9 18 -0.2C24 8 10 ia -0
10 10 13 0.2402 4 4 19 0
10 19 0. 4019 3 H 19 0
9 19 0.1308 9 10 19 -0
3 4 20 0.7829 3 9 20 0
9 9 2C 0. 333o I 1 21 c
1 5 21 0.0621 I 7 21 0
1 10 21 0.C345 2 2 21 0
2 7 21 -0. 0078 2 B 21 0
3 3 21 I.7971 3 5 2 1 -0
3 9 21 -0.4214 3 10 21 -c
5 8 21 -0.8433 5 9 21 0
7 0 21 0.3821 7 9 21 -0
6 9 21 -0.6431 0 10 21 -1
u 10 21 0.9191 11 11 21 c
1-. 1*3 21 0.6565 13 15 21 -o
1 2 22 -0.0520 1 4 22 -0
1 3 22 -0.3251 1 9 22 n
2 4 22 0.3609 2 5 22 -0
2 9 22 -0.1946 2 10 22 c
4 7 22 -0.4125 4 8 22 1
5 5 22 0.2010 5 7 22 0
5 10 22 -0.4701 7 7 22 c
7 10 22 -0.4741 0 a 22 1
9 9 22 C.36oo 9 10 22 -c
1 1 13 22 -0.2124 11 15 22 -0
16 15 22 C.2828 5 5 23 -c
6 b 23 -0.1898 6 7 23 0
12 1 3 23 -0.3949 13 13 23 -0
1 0 25 -0.8165 2 3 25 1
5 8 28 0.4C82 6 3 28 0
5 8 30- -0.8165 7 8 3C -o
8 a 3 1.0000 1 1 4 0.3333
11 n 4 l.COOO 1 1 5 0.6667
9 9 .6 0.1667 9 10 6 0.2087
9 9 8 0.1667 9 10 8 -0.2837
5 6 9 -0.3333 6 6 9 0.3333
5 6 10 0.3333 6 6 LO 0.6667
7 7 11 0.3333 13 13 11 1.0000
7 7 12 0.6667 14 14 13 I.0000
1 2 15 0.6209 1 5 15 0.1516
2 5 15 0.4359 2 6 15 -0.4359
6 6 15 0.1585 11 11 15 0.6369
1 1 16 0.4481 1 2 16 -0.6337
2 2 16 0.8961 2 5 16 0.2183
5 6 1 6 C.1582 6 6 16 0.3164
1 2 17 0.006b 1 5 17 0.002 7
2 2 17 0.5125 2 5 17 -0.3214
5 5 17 0.3175 5 7 17 0.0093
7 0 17 -0.0090 3 8 17 2.2277
13 13 17 0.6443 3 3 18 0.7357
3 10 18 -0.3100 8 8 18 0.8355
9 9 18 0.0801 9 10 18 0.1387
4 4 19 0.7 077 4 9 19 -0.2321
8 9 19 -0.2540 8 10 19 0.4399
10 10 19 0.3924 3 3 20 0.7026
4 4 20 0.7685 4 9 20 0.4091
1 2 21 -0.2018 1 3 21 -0.2885
1 3 21 -0.2097 I 9 21 0.0199
2 3 21 0.9226 2 5 21 -0.2107
2 9 21 -0.2373 2 10 21 -0.4110
3 7 21 -0.0533 3 8 21 2.0840
5 5 21 0.4012 5 7 21 -0. 1459
5 10 21 0.4146 7 7 21 0.9483
7 10 21 -0.4405 8 8 21 2.3291
9 9 21 0.3064 9 10 21 0.5306
11 13 21 -C.3600 11 15 21 C.1991
15 15 21 0 . 164 1 I 1 22 0.0968
I 5 22 0.3708 1 7 22 C.0708
1 10 22 -0.2384 2 2 22 0.0735
2 7 22 -0.1001 2 8 22 0.4598
4 4 22 0.5441 4 5 22 -0.4125
4 9 22 -0.3601 4 10 22 0.6238
5 3 22 -0.6169 5 9 22 0.2760
7 0 2? -0.6169 7 9 22 0.2760
8 9 22 -0.6927 8 10 22 1.1998
10 10 22 1.0999 11 11 22 0.1103
13 13 22 0.8429 13 15’22 0.6428
5 6 23 -0.0039 5 7 23 0.0040
7 7 23 -0.1896 12 12 23 -0.2013
1 8 24 C.8165 2 8 24 0.5773
3 8 26 1.000C 4 8 27 1.0000
5 a 29 0.8165 6 8 29 -0.8165





















































SYMMETRIZED Z MATRIX C03-C0F
IV-173
b 9 32 0.6165 d 9 33 -0. 9C82
0 10 3 9 0.7071 1 1 35 - 1. 3333
1 5 3o 0.3333 1 6 36 0.6667
1 5 37 0.6667 1 6 37 — C.6667
1 5 30 — 0 * 6 66 7 1 7 38 -0.6667
i 5 39 -0. 3333 1 7 39 0.666 7
1 I 90 9.3333 1 2 9 C -C.5719
1 5 91 -0.3333 1 6 91 —0.6667
i 5 92 -C.3333 1 6 92 0.3333
11 1 2 92 1.0000 1 5 93 -0. 3333
<L 6 93 -0.9 719 11 12 93 - 1.0000
I 5 99 -C.9719 2 7 99 -0.9719
1 7 95 -0.6667 2 5 95 -0.9719
1 7 96 0.3333 2 5 96 -0.9719
3 9 97 1.0000 3 9 98 0.8165
3 C) 5 0 -0.9C82 3 10 50 0.7071
9 10 52 -0.7071 9 9 53 -0.9C82
3 6 59 0.3333 6 6 59 -1. 3333
5 7 55 -0.3333 6 7 55 — 0.666 7
5 7 56 0.33 33 6 7 56 0.6667
o 6 57 0.33 13 12 12 57 -l.COOO
3 7 5b -0.3333 6 7 5 d 0.3333
5 6 59 0.3333 5 7 59 0.6667
5 6 60 C.3333 5 7 60 -0.3333
'J 5 61 0.666 7 5 7 61 -0.3333
5 7 62 0.3333 7 7 62 0.3 333
7 9 63 0.6667 3 9 69 0. 1667
7 10 69 -0,5773 5 5 65 C.1667
/ 10 65 0.5 773 9 9 66 -0.6667
9 10 67 0.5773 9 9 68 0.3333
13 19 70 -1.9192 12 19 71 -1.9192
SYMMETRIZED I MATRIX
8 10 33 -0.7071 8 9 39 -0.9082
1 2 35 0.9719 2 2 35 1.3333
2 5 36 0.2357 2 o 36 0.9719
2 5 37 0.9719 2 6 37 -0.9719
2 5 38 -C.9719 2 7 38 -0.9719
2 5 39 -0.2357 2 7 39 0.9719
2 2 9C C.6667 11 11 90 -1.0000
2 5 91 0.9719 2 6 91 0.9928
2 5 92 0.9719 2 6 92 -0.9719
1 6 93 0.3333 2 5 93 0.9719
1 5 9*. 0.3333 1 7 99 0.3333
11 13 99 I.0000 1 5 95 0.3333
2 7 95 0.9920 1 5 96 0.3333
2 7 96 -0.9719 1 1 13 96 -1.0000
3 9 99 -0.9C82 3 10 99 -0.7071
9 9 51 C.0165 9 9 52 -0.9082
9 10 53 0.7071 5 5 59 0.6667
5 5 55 -0.6667 5 6 55 -0.6667
5 5 5o -0.3333 5 6 56 -0.3333
5 5 57 C.3333 5 6 57 -0.3333
5 5 58 — 0.6667 5 6 53 0.3333
12 13 “5 8 1.0000 5 5 59 -0.6667
6 7 59 — 0 . 6667 5 5 60 -0.6667
b 7 60 0.3333 12 13 60 -1.0000
7 7 61 -1.3333 5 5 62 0.3333
13 13 62 - 1.0000 5 9 63 -0.3333
5 10 69 0.2887 7 9 69 -0.3333
5 10 65 -0.2807 7 9 65 -0.3333
9 10 66 -0.5773 9 9 67 -0.6667




3 ■3 1 l. 'OOOO 8 8 2 1
1 2 4 - 0 . 4 7 1 4 2 2 4 0
1 2 5 C . 4 7 1 4 2 *>tm 5 o.
10 1 0 6 0 . 5 COO 9 9 7 0
10 1 0 a 0 . 5 0 0 0 4 4 9 0
12 12 9 1 . 0 0 0 0 4 4 1C c
5 5 11 0 . 3 3 3 3 5 6 11 0
5 5 12 0 . 1 6 6 7 5 6 12 - 0
1 5 L 5 14 1 .  0 0 0 0 1 1 15 c.
1 5 15 C . 15 4 0 2 2 15 1
4 15 0 . 1 5 9 0 4 5 15 - 0
11 12 15 - 0 . 4 6 1 9 12 12 15 0
1 4 16 - 0 . 3 0 8 0 1 5 16 - 0
2 5 16 0 . 2 1 7 8 4 4 16 0
11 11 16 - 0 . 0 6 3 1 1 1 17 c
2 5 17 - 0 . 3 1 8 1 2 7 17 1
o 6 17 0 . 6 1 6 7 7 7 17 2
13 13 17 0 . 6 1 6 7 3 3 18 c
5 10 IB - 0 . 3 1 4 5 7 7 18 0
y 9 18 0 . 0 8 1 9 9 10 18 0
7 6 19 0 . 7 1 9 5 7 9 19 - 0
6 9 19 - 0 . 2 9 3 6 8 10 19 0
10 10 19 0 . 5 0 0 0 3 3 20 0
a 8 20 0 . 8 2 7 8 8 9 20 0
1 2 21 - 0 . 2 1 3 5 1 3 21 - 0
i 7 21 - C . 2 2 3 4 1 9 21 0
2 . 3 21 0 . 9 2 3 4 2 5 21 - 0
2 9 21 - 0 . 2 4 5 4 2 10 21 - 0
3 6 21 - 0 . 0 3 7 5 3 7 21 2
5 5 21 C . 3 9 0 3 5 6 21 - 0
5 10 21 0 .  4 1 9 6 6 6 21 0
6 10 21 - 0 . 4 4 3 1 7 7 21 2
y 9 21 0 . 3 1 6 0 9 10 21 0
11 1 3 21 - 0 . 3 5 3 1 11 15 21 - 0
15 15 21 0 . 1 5  97 1 I 22 0
1 6 22 0 . 0 3 6 8 1 7 22 - 0
1 1C 22 - 0 . 2 1 8 7 2 2 22 0
2 7 22 0 . 3 6 2 4 2 8 22 0
5 5 22 0 . 2 7 1 2 5 6 22 0
5 9 22 0 . 3 1 3 1 5 10 22 - c
6 6 22 - 0 . 4 9 0 6 6 9 22 0
7 3 22 1 . 2 5 4 2 7 9 22 - 0
B 9 22 - 0 . 5 7 3 1 8 10 22 0
10 10 22 1 . 5 5 4 6 11 11 2 2 0
13 13 22 0 . 8 1 3 5 13 15 22 - 0
4 6 23 0 . 4 0 7 5 5 5 23 - 0
12 1 3 23 - 0 .  4 0 7 5 13 13 23 - 0
1 7 25 - 0 . 0 1 6 5 2 7 25 1
4 7 28 0 . 8 1 6 5 5 7 28 0
5 7 30 -0.8165 6 7 30 -0
7 9 32 0.8 1 6 5 7 9 33 -0
7 10 34 0. 7071 1 1 35 -1
7 7 3 1.0000 1 1 4 0.3333
11 11 4 1.0000 1 1 5 C.6667
9 9 6 0.1667 9 10 6 0.2887
9 9 8 0.1667 9 10 8 -0.2887
4 5 9 -0.3333 5 5 9 0.3333
4 5 10 0.3333 5 5 10 0.1667
6 6 11 0.3333 13 13 11 1.0000
6 6 12 0.6667 14 14 13 1.0000
1 2 15 0.6216 1 4 15 -C.1540
2 4 15 -0.4355 2 5 15 0.4355
5 5 15 C.159C 11 11 15 0.6252
1 1 16 0.4395 1 2 16 -0.6216
2 2 16 0.8791 2 4 16 0.4355
4 5 16 0.1S9C 5 5 16 0.0795
1 6 17 0.4499 2 2 17 0.5224
5 5 17 0.3033 5 7 17 -0.7211
11 11 17 0.5224 11 13 17 -0.4499
3 7 18 C.8178 3 9 18 -0.1816
7 9 18 -0.2G50 7 10 18 -0.3551
10 10 18 0.2458 7 7 19 0.6009
7 10 19 0.4439 8 a 19 0.7198
9 9 19 0.1667 9 10 19 -0.2887
3 8 20 0.7624 3 9 20 0.3853
9 9 20 0.4390 1 1 21 0.2023
1 5 21 0.0612 1 6 21 0.2306
1 10 21 0.0454 2 2 21 0.3532
2 b 21 -O.O806 2 7 21 0.9622
3 3 21 1.7737 3 5 21 -0.7156
3 9 21 -0.4 312 3 10 21 -0.7468
5 7 21 -0.8236 5 9 21 0.2422
6 7 21 0.4015 6 9 21 -0.2587
7 9 21 —0.6615 7 10 21 -1.1458
10 10 21 0.9479 11 11 21 0.5042
13 13 21 0.6225 13 15 21 0.3238
1 2 22 -0.0214 1 5 22 0.0368
1 8 22 -0.2511 1 9 22 0.1263
2 5 22 -0.0 521 2 6 22 -0.0521
2 9 22 -C.1786 2 10 22 0.3093
5 7 22 -0.5909 5 8 22 -0.4906
6 6 22 0.2712 6 7 22 —C.5909
6 10 22 -0.5510 7 7 22 1.4713
7 10 22 1.3547 8 8 22 0.8604
9 9 22 0.5162 9 10 22 -0..8975
11 13 22 -0.1104 11 15 22 0.0895
15 15 22 0.3650 4 4 23 -0.2103
6 6 23 -0.21C3 12 12 23 -0.2103
1 7 24 0.6165 2 7 24 0.5773
3 7 26 1.0000 7 8 27 1.0000
4 7 29 -0.8165 e 7 29 0.8165
5 7 31 -0.4062 6 7 31 0.8165
7 10 33 -0.7071 7 9 34 -0.4082
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A 3 1 1.0000 3 8 2 l.COOO 6 6 3 l.OCOC 1 1 4 0.3333
1 2 9 -0.4714 2 2 4 0. 6667 11 11 4 l.COOO 1 1 5 0.6667
1 2 5 0.4714 2 2 5 0.3333 9 9 6 0.1667 9 10 6 0.2887
10 10 6 0.5C0C 9 9 7 0.O667 9 9 8 0•1o67 9 10 8 -0.2887
1C 10 6 0.5GOO 4 4 9 0.3333 4 5 9 -0.33 33 5 5 9 0.3333
12 12 9 1.0000 4 4 10 0.66o7 4 5 10 0.3333 5 5 10 0.1667
5 3 11 0.3333 5 7 11 0.3333 7 7 1 1 0.3333 13 13 11 L.0000
5 5 12 0.1667 5 7 12 -0.3333 7 7 12 C.6667 14 14 13 1.0000
i 3 1 5 14 1.0000 1 1 15 0.1176 1 2 15 0.6216 1 4 15 -C.1540
i 5 15 0.1540 2 2 15 1.7581 2 4 15 -0.4355 2 5 15 0.4355
4 4 15 0.1590 4 5 15 -0.1590 5 5 15 0.159C 11 11 15 0.6252
11 12 15 -0.4619 12 12 15 0.4 769 1 1 16 0.4395 1 2 16 -0.6216
1 4 16 -0. 3080 1 5 16 -0. 1540 2 2 16 0.8791 2 4 16 0.4355
5 16 0.217B 4 4 16 C.310C 4 5 16 0.159C 5 5 16 0.0795
11 1 1 16 -0,0631 1 1 17 0.5224 1 7 17 0.4499 2 2 17 0.5224
2 5 17 -C.3131 2 6 17 1.200C 5 5 17 0.3C53 5 6 17 -0.7211
o 6 17 2.2520 7 7 17 0.6167 11 11 17 C.5224 11 13 17 -C.4499
1 J i 5 17 0.61a7 3 3 18 0. 7298 3 (3 18 0.8176 3 9 18 -0.1816
3 10 18 -0.3145 6 6 18 0.8292 6 9 18 -0.2050 6 10 13 -0.3551
* 9 IB 0.0919 9 10 18 0.1419 10 10 18 0.2458 6 6 19 0.6009
o y 19 0.7195 6 9 19 -0.2563 6 10 19 0.4439 8 a 19 0.7198
d 9 19 -0.2936 8 10 19 0.5085 9 9 19 0.1667 9 10 19 -0.2887
10 10 19 0.5000 3 3 20 0.6121 3 8 20 0.7 b24 3 9 2C 0.3853
d a 20 0. e278 B 9 2 C 0.4998 9 9 2 0 0.4390 1 1 21 0.2023
1 2 21 -C.2135 1 3 21 -0.2993 I 5 21 0.0612 1 6 21 -0.2234
1 7 21 0.2306 1 9 21 0.02o2 1 10 21 0.0454 2 2 21 0.3532
3 21 0. 52 84 2 5 21 -0.2064 2 6 2 1 0.9622 2 7 21 -0.C866
2 9 21 -0.2454 2 10 21 -0.4251 3 3 2 1 1.7737 3 5 21 -0.7156
j o 21 2.07o7 3 7 21 -C.0375 3 9 21 -0.4312 3 10 21 -0.7468
& 5 21 0.3909 5 6 21 -0.8286 5 7 21 -0.1590 5 9 21 0.2422
3 10 21 0 . 4 1 96 6 6 21 2.3367 6 7 21 C.4G15 6 9 21 -0.6615
O 10 21 -1.1458 7 7 21 C.54C6 7 9 21 -0.25 37 7 10 21 -0.4481
7 9 21 C.3160 9 10 21 0.5473 10 1C 21 0,9479 11 11 21 0.5042
11 1 3 21 -C.3531 11 15 21 -0.2014 13 13 21 0.6225 13 15 21 0.3238
15 15 21 0.1597 1 1 22 C.C151 1 2 22 -0.0214 I 5 22 0.0368
1
%
6 22 -0.2562 1 7 22 C.0368 1 9 22 -0.2511 1 9 22 0.1263
1 10 22 -0.2187 2 2 22 Q.C3C3 2 5 22 -0.0521 2 6 22 C.3624
<: 7 22 -0.0521 2 8 22 0.3551 2 9 22 -0.1786 2 10 22 0.3093
3 5 22 0.2712 5 6 22 -0.5 90 9 5 7 22 0.2712 5 8 22 -C.4906
3 9 22 0.3181 5 1C 22 -0.5510 6 6 22 1.4713 6 7 22 -0.5909
O H 22 1.2542 6 9 22 -0.7321 6 10 22 1.3 547 7 7 22 0.2712
7 a 22 -0.4906 7 9 22 0.3lbl 7 10 22 -0.5510 8 8 22 0.8604
0 9 22 -0.5731 8 10 22 0.9526 9 9 22 0.513? g 10 22 -0.8975
1C 10 22 1.5546 11 11 22 0.04 54 11 13 22 -0.110 4 11 15 22 0.C995
1 A 1 3 22 0.3135 13 15 22 -0.7368 15 15 2 2 0.3690 4 4 23 -0.2103
*» 7 23 0.4075 5 5 23 -0.5416 7 7 23 -C.2 103 12 12* 23 -0.2103
12 13 23 -0.4075 13 13 23 -0.2103 1 6 24 C. 8165 2 6 24 0.5773
1 6 25 -0.8165 2 6 25 1.1547 3 6 26 1.0000 6 8 27 I.0000
4 6 28 0.8165 5 6 28 C.4C32 4 6 29 -0.8165 5 6 29 0.8165
& 6 30 -0.8165 6 7 30 -0.3165 5 6 31 -0.4C92 6 7 31 0.8165
o 9 32 0.8165 6 9 33 -0.4082 6 10 33 -0.7071 6 9 34 -0.4082
b 10 34 0.7071 1 I 35 -1.3333 1 2 35 0.4714 2 2 35 1.3333
SYMMETRIZED Z M A T R I X -------------CQ3-CUCL
*
XV-177
I 4 36 0. 66o7
1 4 37 - I''. 666 7
L 5 35 -0.6657
i 5 39 -0.3333
1 I 40 0.3 3 33
1 4 41 -0.666 7
1 4 42 0. 3333
i i 12 42 I.0000
2 5 43 0.4714
5 44 — C . 4714
i 7 45 -0.6667
I 7 46 0.3333
3 8 47 I.0030
3 9 50 -0.4C62
0 10 52 -0. 7071
9 b 54 0.3333
3 5 55 — 0.6 66 7
5 5 bo -0.3333
3 5 57 0.3 333
3 b 56 -0.6657
4 7 59 -0.6667
*T 7 60 0.3333
0 5 61 0.666 7
3 7 62 0.3 3 33
7 9 03 0.6667
7 10 64 -0. 5773
7 10 t>5 57 73
9 10 67 0.5773
10 14 70 -1.4142
1 5 3o 0.3333
I 5 37 C•666 7
1 7 38 - 0 . 666 7
1 7 39 0.66o 7
1 2 4C -C.4714
1 5 41 -0.3333
1 5 42 -C.3333
I 4 43 0.3333
11 12 43 -1.0000
2 7 44 -0.4714
2 5 45 -0.4714
2 5 46 -0.4714
3 5 48 C. 8165
3 10 50 0.7071
a 9 53 -C.408 2
5 5 54 0.6667
5 7 55 -C.3333
5 7 56 0.3333
12 12 57 -1.COCO
5 7 58 -C.3333
5 5 59 -0.6667
5 5 60 —0.66 67
5 7 61 -0.3333
7 7 62 C.3 333
5 9 64 C.1667
5 9 o5 C. ibo7
9 9 66 -0.6667
9 9 68 0.3333
12 14 71 -1.4142
2 4 36 0.4714
2 4 37 -0.4714
2 5 3 8 -0.4714
2 5 39 —C- .2 357
2 2 40 0.6667
2 4 41 0.9428
2 4 42 -0.4714
1 5 43 -0.3333
1 5 44 0.3333
11 13 44 1.0000
2 7 45 0.9428
2 7 46 -0.4714
3 9 49 —C.4082
8 9 51 0.81o5
8 10 53 0.7071
4 5 55 -0.6667
4 5 56 -0.3333
4 4 57 0.3333
4 5 56 C.3333
12 13 58 1.GC.OO
5 7..59 0.6667
5 7 6 C -0.33 33
7 7 61 -1.3333
13 13 62 -l.OOCO
5 10 64 0.2837
5 10 65 -0.2887
9 10 66 -0.5773
10 10 68 -l.OOOC
2 5 36 0.2357
2 5 37 0.4714
2 7 38 -0.4714
2 7 39 0.4714
11 11 40 -1.0000
2 5 41 0.4714
2 5 42 0.4714
2 4 43 -0.4714
I 7 44 0.3333
1 5 45 0.3333
1 5 46 0.3333
11 13 46 -1.0000
3 10 4 9 -0.7071
8 9 52 -0.4082
4 4 54 -1.3333
4 7 55 -0.6667
4 7 56 0.6667
4 5 57 -0.3333
4 7 58 0.3333
4 5 59 0.3333
4 5 60 0.3333
12 13 60 -1.0000
5 5 b2 0.3333
5 9 63 -0.3333
7 9 64 -0.3333
7 9 65 -0.3333
9 9 67 -0.6667




J 3 1 l.CCOO 8 a 2 l.COOO 7 7 3 l.OOCO I 1 4 0.3333
I 2 9 -0.4714 2 2 4 0.666 7 11 11 4 1.00n0 1 1 5 0.6667
1 2 D 9, 4 714 2 2 5 C.3333 9 9 6 0.1667 9 10 6 0.2837
10 10 b 0.5000 9 9 7 0. 6667 9 9 8 0.1667 9 10 8 -0.2387
1C 1 0 8 0.5 090 4 4 9 0.3333 4 5 9 -0.3333 5 5 9 0.3333
1 £ 12 9 1.0090 4 4 10 0.666 7 4 5 1C 0.3333 5 5 10 0. 1667
5 5 11 0.3 333 5 6 11 0.3333 6 6 11 0.3333 13 13 11 1.0000
b 5 12 0.lo6 7 5 6 12 -0.3333 6 6 12 0.66e7 14 14 13 l.OOOC
I b lb 1.0990 1 1 15 0.1176 1 2 15 C.6216 I 4 15 -0.1540
1 5 18 0.1540 2 2 15 1.7581 2 4 15 -0.4355 2 5 15 0.4355
4 15 9.1590 4 5 15 -0.1590 5 5 15 C.159C 11 11 lb 0.6252
11 12 15 -0.4619 12 12 15 0.4769 1 1 16 0.4395 1 2 16 -0.6216
1 16 -3.308C 1 5 16 -0.1540 2 2 16 0.8791 2 4 16 0.4355
£ 5 lo 0.2178 4 4 16 0. 3180 4 5 16 0.1590 5 5 16 0.0795
11 11 I 6 -0.0631 1 1 17 C. 5221 1 6 17 0.4499 2 2 1 7 0.5221
£ D 17 -0.3131 2 7 17 1.1999 5 5 17 0. 3065 5 7 17 -0.7214
u 6 17 0. 6170 7 7 17 2.2526 11 11 17 0.5221 11 13 17 -0.4499
I) 13 17 0.6170 3 3 18 0. 7297 3 7 18 0.8178 3 9 18 -0.1816
1 10 18 — 0 . 3 1 4 0 7 7 18 0.8293 7 9 16 -0.2051 7 1C 18 -0.3552
v 9 18 0.G820 9 10 18 C.1420 10 10 18 0.2459 7 7 19 0.5693
f 3 19 0.7147 7 9 19 -0.2549 7 10 .19 0.4415 8 8 19 0.7477
b 9 19 -9.3135 3 10 19 0.5430 9 9 19 0.1804 9 10 19 -0.3124
1C 10 19 0.5411 3 3 20 0.5862 3 3 20 0.7557 3 9 20 0.3804
a 3 20 0,8470 8 9 20 0.5252 9 9 2C 0.4704 1 1 21 C.2022
1 2 21 -0. 21 34 1 3 21 -C.2992 1 b 21 0.0613 1 6 21 0.2305
1 7 21 -0.2234 1 9 2 1 0.0262 1 10 21 0.0454 2 2 21 0.3531
I 3 21 0.9283 2 5 21 -0.2063 2 6 21 -0.0866 2 7 21 0.9622
£ 9 21 -C.24 55 2 10 21 -0.42b 2 3 3 21 1.7734 3 5 21 -0.7157
3 6 21 -0.0376 3 7 21 2.0768 3 9 21 -0.4212 3 10 21 -0.7469
3 5 21 0. 3 808 5 6 21 -0.1590 5 7 21 -0.8287 5 9 21 0.2423
3 10 21 0.4197 6 6 21 0.9407 6 7 21 0.4014 6 9 21 -0.2587
0 10 21 -0 . 44‘30 7 7 21 2.3370 7 9 21 -0.6617 7 10 21 -1. 1461
9 9 21 9.3161 9 10 21 0. 5475 1C 10 21 0.9483 11 11 21 0.5040
11 13 21 -0.3531 11 15 21 -0.2314 13 13 21 0.6227 13 15 21 0.3238
1 3 ID 21 0.15 97 1 1 22 0.0072 1 2 22 -0.01'02 1 5 22 0.0237
1 *6 22 0. 02 3 7 1 7 22 -0.2281 1 3 22 -0.2402 1 9 22 0.1176
1 10 22 -9.2036 2 2 22 0.0144 2 5 22 -C.0335 2 6 22 -0.0335
£ 7 22 0.3226 2 8 22 0.3397 2 9 22 — 0 .16u3 2 10 22 0.2880
0 5 22 0.2673 5 6 22 0.2673 5 7 22 -0.579C 5 8 22 -C.5109
b 9 22 0.3315 5 10 22 -0.5741 6 6 22 0.2678 6 7 22 -0.5790
0 a 22 -0.5109 6 9 22 0.3315 6 10 22 -0.5741 7 7 22 1.4222
7 a 22 1.2880 7 9 22 -C.8030 7 10 22 1. 3909 3 8 22 0.94B5
6 9 22 —0.6426 3 10 22 1.1131 9 9 22 0.5738 9 10 22 -0.9939
lu 19 22 I.7214 11 U 22 0.0217 11 13 ? 2 -C.0711 11 15 22 C.0608
13 1 3 22 0.8C34 13 15 22 -0.7765 15 15 22 0.4091 4 4 23 -0.2103
4 6 23 0.4075 5 5 23 -0.5415 6 6 23 -0.2103 12 12* 23 -0.2103
12 13 23 -0.4075 13 13 23 -0.2103 1 7 24 0.8165 2 7 24 0.5773
1 7 25 -0.8165 2 7 25 1.1547 3 7 26 I.ocoo 7 8 27 1.0000
*t 7 28 0.3165 5 7 28 0.4082 4 7 29 -0.8165 5 7 29 0.8165
& 7 30 -0.8165 0 7 3 C -0.3165 5 7 31 -0.4C82 6 7 31 C.8165
7 9 32 0.8165 7 9 33 -0.4082 7 10 33 -0.7071 7 9 34 -0.4082
7 10 34 0.7071 1 1 35 -1.3333 1 2 35 0.4714 2 2 35 1.3333
SYMMETRIZED Z M A T R I X ------------ CH3-C0BR
IV-179
1 4 3 0 u .6667 1 5 36 0.3333
1 4 37 -0. 6667 1 5 37 0.66o7
1 3 33 -0.6657 I 6 3d — 0.6667
1 3 39 -0.3333 1 6 39 C.6667
L 1 4 0 0.3333 1 2 40 -0.4714
I 4 41 - 0.606 7 1 5 41 -0.3333
1 4 42 0.3333 1 5 42 -C.3333
11 12 42 1.0000 1 4 43 0.3333
5 43 C ,4714 11 12 43 -1.0000
2 5 44 -0,4714 2 o 44 -0.4714
i o 45 — 0,6667 2 5 45 -0.4714
1 6 46 0.3333 2 5 46 -0.4714
3 « 47 1.0000 3 9 46 0.8165
3 9 50 -0.4032 3 10 5C 0. 7C71
d 1 0 52 -C.7071 a 9 53 -0.4082
4 5 34 0.3333 5 5 54 0.6667
j 5 55 - 0,6667 5 6 55 -C.3333
6 p 56 -0.3333 5 6 56 0.3333
b b 57 0. 3333 12 12 57 -1.0000
3 b 53 —v ,6667 5 6 59 -0.3333
4 6 59 -0.6667 5 5 59 —0.6o67
4 6 60 0.3333 5 5 60 —0.6667
3 3 61 0.6 667 5 6 61 -0.3333
p o 62 0 . 3333 6 o 62 0. 3333
o 9 63 0.6667 5 9 64 0.1667
6 10 64 -0.5 7 73 5 9 65 0.1667
o 10 o5 C.5773 9 9 66 -0.6667
4 10 67 0. 5773 9 9 6 3 C.3 33 3
13 i 4 70 -1.4142 12 14 71 -1.4142
s y k m e t r i z e o z m a t r i x
4 3 6 0 . 4 7 1 4 2 5 36 0 . 2 3 5 7
4 3 7 - 0 . 4 7 1 4 2 5 37 0 . 4 7 1 4
5 3 8 - 0 . 4 7 1 - 4 2 6 38 - 0 . 4 7 1 4
5 39 - 0 . 2 3 5 7 2 6 39 0 . 4 7 1 4
2 4 0 0 . 6 6 6 7 11 11 40 - 1 . 0 0 0 0
4 41 0 . 9 4 2 8 2 5 41 0 . 4 7 1 4
4 42 - 0 . 4 7 1 4 2 5 42 0 . 4 7 1 4
5 4 3 - 0 . 3 3 3 3 2 4 43 - 0 . 4 7 1 4
5 44 0 . 3 3 3 3 1 6 44 0 . 3 3 3 3
13 4 4 1 . 0 0 0 0 1 5 45 0 . 3 3 3 3
6 4 5 0 . 9 4 2 8 1 5 46 0 . 3 3 3 3
6 4 6 - 0 . 4 7 1 4 11 13 4 6 - l . C O O O
9 4 9 - 0 . 4 0 8 2 3 10 49 - 0 . 7 0 7 1
9 51 o . a  165 8 9 52 - 0 . 4 0 8 2
10 53 0 . 7 0 7 1 4 4 54 - 1 . 3 3 3 3
5 55 —0 . 6 6 6 7 4 6 55 - 0 . 6 6 6 7
5 56 - 6 . 3 3 3 3 4 6 56 0 • 6 6 6 7
4 57 0 . 3 3 3 3 4 5 57 - 0 . 3 3 3 3
5 58 0 . 3 3 3 3 4 6 53 0 . 3 3 3 3
13 58 I . 0 0 0 0 4 5 59 0 . 3 3 3 3
6 59 0 . 6 6 6 7 4 5 60 O . 3 3 3 3
6 6 0 - 0 . 3 3 3 3 12 13 60 - 1 . 0 0 0 0
6 6 1 - 1 . 3 333 5 5 62 0 . 3 3 3 3
13 6 2 - I . 0 0 0 0 5 9 o3 - 0 . 3 3 3 3
10 64 0 . 2 8 8 7 6 9 64 - 0 . 3 3 3 3
10 6 5 - 0 . 2 8 3 7 6 9 65 - C . 3333
10 6 6 - 0 . 5 7 7 3 9 9 67 - 0 . 6 6 6 7































J 3 1 1 . ocoo a 8 2 l . COOO 7 7 3 l . OOCO 1 1 9 0 . 3 3 3 3
J. 2 9 - 0 . 9 7 1 9 2 2 9 0 . 6 6 6 7 11 11 9 l . OOCO 1 1 5 0 . 6 6 6 7
1 2 5 0 . 9 7 1 9 2 2 5 0 . 3 3 3 3 9 9 6 0 . 1 6 6 7 9 10 6 0 . 2 8 8 7
1 J 10 6 0 . 5 COO 0 9 7 0*  6&o7 9 9 8 0 . 1 6 6 7 9 10 8 - 0 . 2 8 8 7
l u 10 d e . 5 0 0 0 9 9 9 C . 3 3 3 3 9 5 9 - 0 . 3 3 3 3 5 5 9 0 . 3 3 3 3
Lz 12 9 l .OCOC* 9 9 10 0 . 6 6 6 7 9 5 10 0 . 3 3 3 3 5 5 10 0 . 1 6 6 7
'j 5 11 0 . 3 3 3 3 5 6 11 0 . 3 3 3 3 6 6 11 0 . 3 3 3 3 13 13 11 1 . 0 0 0 0
s b 12 0 .  1 6 6 7 5 6 12 - 0 .  3 3 3 3 6 6 12 0 . 6 6 6 7 1 9 19 13 1 . 0 0 0 0
15 1*3 19 1 . 0 0 0 0 1 1 15 C.  1176 1 2 15 0 . 6 2 1 6 1 9 15 - 0 . 1 5 9 0
1 b 1 b 0 .  1 5 9 0 2 2 15 1 . 7 5 8 1 2 9 15 - 0 . 9 3 5 5 2 5 15 0 . 9 3 5 5
■t 9 15 0 . 1 5 9 0 9 5 15 - 0 . 1 5 9 0 5 5 15 C . 1 5 9 0 11 11 15 0 . 6 2  52
11 12 15 - 0 ,  9 6 1 9 12 12 15 0 . 9 7 6 9 1 1 16 0 . 9 3 9 5 1 2 l o - 0 . 6 2 1 6
1 9 16 - 0 . 3 0 8 0 1 5 16 - 0 . 1 5 9 0 2 2 16 0 . 8 7 9 1 2 9 16 0 . 9 3 5 5
5 16 0 . 2 1 7 8 9 9 l o 0 . 3 1 8 0 9 5 16 0 . 1 5 9 0 5 5 16 0 . 0 7 9 5
11 1 1 1 o - 0 .Cod 1 I 1 17 C . 5 2 2 1 1 6 17 0 . 9 9 9 9 2 2 17 0 . 5 2 2 1
Z & 17 - 0 . 3 1 3 1 2 7 17 1 . 1 9 9 9 5 5 17 0 . 3 C 8 5 5 7 17 - 0 . 7 2 1 9
o 6 17 0 . 6 1 7 0 7 7 17 2 . 2 5 2 6 11 11 17 C . 5 2 2 1 11 13 17 - C . 9 9 9 9
l-> 13 17 C.  61 70 3 3 18 C . 7 2 9 7 3 7 I B 0 . 8 1 7 8 3 9 18 - 0 . 1 3 1 6
1 10 id - 0 . 3 1 9 6 7 7 18 0 . 8 2 9 3 7 9 18 - 0 . 2 0 5 1 7 10 18 - 0 . 3 5 5 2
y y l a 0 . 0 8 2 0 9 10 18 0 .  192C 10 10 18 0 . 2 9 5 9 7 7 19 0 . 5 6 9 3
7 3 l y 0 . 7 1 9 7 7 9 19 - 0 . 2 5 9 9 7 10 19 0 . 9 9 1 5 8 8 19 0 . 7 9 7 7
H y 19 - 0 . 3 1 3 5 8 10 19 0 . 5 9 3 0 9 9 19 0 . 1 8 0 9 9 10 19 - 0 . 3 1 2 9
10 10 19 0 . 5 9 1 1 3 3 2 C 0 . 5 8 6 2 3 8 20 0 . 7 5 5 7 3 9 20 0 . 3 8 0 9
b 8 20 0 . 8 9  70 a 9 20 0 . 5 2 5 2 9 9 20 0 . 9 7 C 9 1 1 21 0 . 2 0 2 2
1 7 21 - 0 . 2 1 3 9 i 3 2 1 - 0 . 2 9 9 2 1 5 21 0 . 0 6 1 3 1 6 21 0 . 2 3 0 5
1 7 21 - 0 . 2 2 3 9 i 9 21 C . 0 2 6 2 1 10 21 0 . 0 9 5 9 2 2 21 0 . 3 5 3 1
Z 3 21 C .  5 2 33 2 5 21 - 0 . 2 0 6 3 2 6 21 - 0 . 0 8 6 6 2 7 21 0 . 9 6 2 2
z 9 21 - 0 . 2 9 5 5 2 10 21 - 0 . 9 2 5 2 3 3 2 1 1 . 7 7 3 9 3 5 21 - 0 . 7 1 5 7
-> 6 21 - 0 . C37b 3 7 21 2 . 0 7 6 8 3 9 21 - 0 . 9 3 1 2 3 10 21 - 0 . 7 9 6 9
5 b 21 0 . 3 9 0 3 5 6 21 - 0 . 1 5 5 0 5 7 21 - 0 . 8 2 8 7 5 9 21 0 . 2 9 2 3
> 10 21 r . 9 1 9 7 6 6 21 0 . 9 9 0 7 6 7 21 0 . 9 0 1 9 o 9 21 - 0 . 2 5 8 7
0 10 21 - 0 . 9 9  30 7 7 21 2 .  3 3 70 7 9 21 — 0 .  b 617 7 10 21 - 1 .  1961
y 9 21 0 . 3 1 6 1 9 10 21 C . 5 9 7 5 10 10 21 0 . 9 9 8 3 1 1 11 21 0 . 5 0 9 0
l l 13 21 - 0 . 3 5 3 1 11 15 21 - C . 2 0 1 9 13 13 2 1 0 . 6 2 2 7 13 15 21 0 . 3 2 3 8
15 \ 5 21 0 . 1 5 9 7 1 1 22 0 . 0 0 7  2 1 2 22 - 0 . 0 1 0 2 1 5 22 0 . 0 2 3 7
l 6 22 9 . 0 2  37 1 7 22 - 0 . 2 2 8 1 1 6 22 - 0 . 2 9 0 2 1 9 22 0 . 1 1 7 6
l 10 22 - 0 . 2C36 2 2 22 0 . C 1 9 9 2 5 22 - 0 . 0 3 3 5 2 6 22 - 0 . 0 3 3 5
z 7 22 0 . 3 2 2 6 2 8 22 C . 3 3 5 7 2 y 22 - 0 . 1 6 6 3 2 10 22 0 . 2 8 8 0
r> 5 22 0 . 2 6 7 8 5 6 22 0 . 2 6 7 8 5 7 22 - 0 . 5 7 9 0 5 8 22 - 0 . 5 1 0 9
5 y 22 0 . 3 3 1 5 5 10 22 - 0 . 5 7 * 1 6 6 22 C . 2  678 6 7 22 - 0 . 5 7 9 0
6 s 22 - 0 . 5 1 0 9 6 9 22 0 . 3 3 1 5 6 10 22 - 0 .  5791 7 7 22 1 . 9 2 2 2
7 B 22 I . 2 8 3 0 7 9 22 - 0 . 8 0  30 7 10 22 1 . 3 9 0 9 8 8 22 0 . 9 9 8 5
B y 22 - 0 . 6 9 2 6 8 10 22 I . 1131 5 y 22 0 . 5 7 3 d 9 10 22 - 0 . 9 9 3 9
l o 10 22 1 . 7 2 1 9 11 11 22 0 . C 2 1 7 11 13 22 - 0 . 0 7 1 1 11 15 22 C. 0 6 0 8
13 1 3 22 0 . 8 0 3 9 13 15 22 - 0 . 77o5 15 15 22 0 . 9 0 9 1 9 9 23 - 0 . 2 1 0 3
** 6 23 0 .  9 0 7 5 5 5 23 - 0 . 5 9 1 5 6 6 23 - 0 . 2 1 0 3 12 12* 2 3 - 0 . 2 1 0 3
U 13 23 - 0 . 9 0 7 5 13 13 2 3 - 0 . 2 1 0 3 1 7 29 0 . 8 1 6 5 2 7 29 0 . 5 7 7 3
1 7 2 5 - C .  816 5 2 7 25 1 . 1 5 9 7 3 7 26 1 . 0 0 0 0 7 e 27 I . 0 0 0 0
9 7 20 0 . 8 1 6 5 5 7 2 8 C . 9 0 8 2 9 7 2 9 - 0 . 8 1 o5 5 7 2 9 0 . 8 1 6 5
& 7 30 - 0 . 8 1 6 5 6 7 3C - 0 . 0 1 6 5 5 7 31 - 0 . 9 0 8 2 6 7 31 0 . 8 1 6 5
7 9 32 0 .  81 6 5 7 9 33 - 0 . 9 0 8 2 7 10 33 - 0 . 7 0 7 1 7 9 39 - 0 . 9 0 8 2
7 10 39 0 . 7 0 7 1 1 1 35 - 1 .  3 3 3 3 1 2 35 0 . 9 7 1 9 2 2 3 5 1 . 3 3 3 3































G.6b67 1 5 36 0.3333
— 0 • 6 6 6 7 1 5 37 C. 6667
-0.6b67 1 6 3a —0.6667
-0. 3 333 1 6 35 C. 6667
0.3333 1 2 40 -0.4714
- 0 . 6667 1 5 41 -0.3333
0.3333 1 5 42 -C.3333
1.0000 1 4 43 0.3333
0.4714 11 12 43 -1.0000
- C .4714 2 6 44 -0.4714
-0.6667 2 5 45 -0.4714
C.3333 2 5 46 -0.4714
1.ocoo 3 9 48 0.8165
-0.40 32 3 10 50 0.7071
-0.7071 3 9 53 -Q.4C82
0.3333 5 5 54 0.6667
— 0.6b6 7 5 6 55 -0.3333
-0. 3333 5 6 56 0.3333
0.3333 12 12 57 -1. 0000
—0.6667 5 b 58 -0.3333
-0.6667 5 5 59 -0.6667
0.3333 5 5 60 -0.6667
0.6667 5 6 61 -0.3333
0.3333 6 6 62 0.3333
0.O6o7 5 9 64 C.1667
-0. 5773 5 5 65 0.1667
G.57I3 9 9 66 -0.6667
0.5773 9 9 68 0.3333
-1. 4142 12 14 71 - 1.4142
SYMMETRIZED I MATRIX
4 36 0.4714 2 5 36
4 37 -0.4714 2 5 37
5 38 -0.4714 2 b 38
5 39 -0.2357 2 6 39
2 40 0.6667 11 11 40
4 41 0.9428 2 5 41
4 42 -0.4714 2 5 42
5 43 -0. 3333 2 4 43
5 44 0.3333 1 6 44
13 44 1.0000 1 5 45
6 45 0.9428 1 5 46
6 46 -0.4714 11 13 4b
9 49 -0.4082 3 10 49
9 51 0.8165 8 9 52
10 53 0.7071 4 4 54
5 55 -0.6667 4 6 55
5 56 -0.3333 4 6 56
4 57 0.3333 4 5 57
5 58 0.3333 4 6 58
13 5b 1.0000 4 5 59
6 59 0.6o67 4 5 60
6 60 -0.3333 12 13 60
6 61 -1.3333 5 5 62
13 62 -1.0000 5 9 63
10 64 0.2037 6 9 64
10 65 -0.2887 6 9 65
10 66 -0.5773 9 9 67
































L. 2 1 1.3000 1 1 2 1.0000
H 5 4 -0.4714 5 5 4 0. 3333
4 'j 5 0.4 714 5 5 5 C.6667
-i 9 o 0.5000 3 3 7 0.6667
H 9 8 0.5 000 7 7 9 0.3333
1* 1 3 9 1.OCOO 7 7 1C 0.166 7
7 7 11 0.3 3 33 7 10 11 C.3333
7 7 12 0.los7 7 10 12 -0.3333
15 lb 14 1.0000 4 4 15 1.7705
*. t; 15 -C.5339 5 5 15 0.1205
( 7 15 0.2390 7 8 15 -0. 23PO
li 1 3 15 - 0. 5 6 o 3 13 13 15 0.7140
4 7 16 0.2669 4 8 16 0.5339
b a 16 -0. 3775 7 7 16 0.1190
11 11 lt> -0.0672 4 4 17 0.5828
3 b 17 0.5826 5 10 17 0. 5660
7 7 17 0.4045 10 10 17 C.809 7
1- 14 17 C.8097 2 2 18 0.6737
2 o 18 -C.3352 3 3 18 0.0951
o 6 18 0.8006 6 9 IB -0.3891
1 3 1 9 -0. 17 92 1 6 19 0.7512
3 a 19 -0.2261 3 9 19 -C.1579
9 9 19 0.273o I 1 20 0.6972
2 2 20 0.7519 2 3 20 0.3749
2 It 21 -0. 3904 2 4 21 C. 92 51
2 7 21 -0.7421 2 9 21 -0.6763
3 4 21 -0.2933 3 5 21 0.0 06 6
3 4 21 0.6344 3 1C 21 -0.3518
4 6 21 0.9946 4 7 21 -0.2924
3 5 21 C.2 500 5 6 21 —C.1817
5 10 21 0.3 061 6 6 21 2.1567
o id 21 0. 53t>9 7 7 21 0.5284
9 9 21 1.0988 9 10 21 -0.6054
11 1 4 21 -0.4609 11 15 21 C.29C2
15 15 21 0.2514 1 I 22 0.4354
1 22 -0.2973 1 6 22 C.9824
1 10 22 -0.4252 3 3 22 0.2562
3 6 22 -0.5862 3 7 22 C • 2o 61
4 4 22 0.1740 4 5 22 -0.123C
4 9 22 0.3717 4 10 22 -0.2026
3 7 22 0.1433 5 9 22 -0.262d
6 7 22 -0.7279 6 9 22 1.0154
7 9 22 -0.4O06 7 10 22 0.3844
10 10 22 0. 3 664 11 11 22 0.2613
14 14 22 I.1653 14 15 22 0.6513
o 8 23 -0.2023 8 10 23 0.3998
13 1.4 23 -0.3598 14 14 2 3 -0.2C23
4 6 25 1.1547 5 6 25 -C.8165
6 7 28 0,4C32 6 8 28 0.3165
6 7 30 -0.8165 6 10 30 -0.0165
3 6 32 0.8165 3 6 33 -0.4082
t> 9 34 0.7071 4 4 35 1.3333
SYMMETRIZED Z MATRIX
6 6 3 1.0000 4 4 4 0.6667
11 11 4 1.0000 4 4 5 0.3333
3 3 6 0.1667 3 9 6 0.2887
3 3 8 C.1667 3 9 8 -0.2887
7 8 9 -0.3333 8 8 9 0.3333
7 8 1C 0.3333 8 8 10 0.6667
10 10 1 1 0.3333 14 14 11 1.0000
10 10 12 0.6667 12 12 13 1.0000
4 5 15 C.b260 4 7 15 0.5339
5 7 15 0.1888 5 8 15 -0.1888
8 8 15 C .2 380 11 11 15 0.6303
4 4 16 0.8853 4 5 16 -0.6260
5 5 lo 0.4426 5 7 16 -0. 1888
7 8 16 0.2380 8 8 16 0.4760
4 6 17 I. 2117 4 7 17 -C.4002
6 6 17 2.0637 6 7 17 -0.7818
11 11 17 C.5 828 11 14 17 -0.5660
2 3 18 -0.1935 2 6 18 0.7820
3 6 18 -0.2247 3 9 18 0.1647
9 9 18 0.2853 1 1 19 0.6063
1 9 .19 0.3105 3 3 19 0.0912
6 6 19 0.8027 6 9 19 0.3916
1 2 20 0.7741 1 3 20 0.3521
3 3 2C C.2836 2 2 21 1.5053
2 5 21 -0.3233 2 6 21 1.8267
2 10 21 -C.1356 3 3 21 0.3663
3 o 21 -0.7137 3 7 21 0.3131
4 4 21 0.4C63 4 5 21 -0.2211
4 9 21 -0.5080 4 10 21 -0.0670
5 7 21 0.0474 5 9 21 0.0114
6 7 21 -0.9323 6 9 21 -1.2362
7 9 21 0.5422 7 10 21 -0.2606
10 10 21 1.3174 11 11 21 0.5626
14 14 21 0.7962 14 15 21 -0.4558
1 3 22 -0.2247 1 4 22 0.4204
1 7 22 -0.4252 1 9 22 0.3392
3 4 22 -G.2146 3 5 22 0.1517
3 9 22 -0.4437 3 10 22 0.2661
4 o 22 0.62 36 4 7 22 -0.2026
5 5 22 0.0870 5 6 22 -0.4410
5 1C 22 0.1433 6 6 22 1.6253
6 10 22 -0.7279 7 7 22 0.3884
9 9 22 0,7605 9 10 22 -0.46C8
11 14 22 —0.4298 11 15 22 -0.2270
15 15 22 0.1955 7 7 23 -0.5734
10 10 23 -0.2023 13 13 -23 -0.2023
4 6 24 0.5773 5 6 24 0.8165
2 6 26 I.0000 I 6 27 I.0000
6 7 29 0.3165 6 8 29 -0.8165
6 7 31 -0.4C32 6 10 31 0.8165
6 9 33 -0.7071 3 6 34 -0.4082





4 7 36 0.2357 4 8 36 0.4714
4 7 37 S.4714 4 8 37 -0.4714
4 7 38 -0.4714 4 10 38 -0.4714
*t 7 39 -3.2387 4 10 39 0.4 714
4 4 90 0.6667 4 5 4C -0.4714
4 7 41 0.4714 4 8 41 0.9428
H 7 42 0.4714 4 8 42 -0.4714
11 13 42 1.0000 4 7 43 0.4714
5 ti 43 0.333 3 11 13 43 -l.COOO
5 7 44 0.3333 5 10 44 0.3333
A 10 45 0.9428 5 7 45 0.3333
4 id 46 -0.4714 5 7 46 0.3333
1 2 47 1.0000 2 3 48 0. 8 165
2 3 50 -0.4032 2 9 50 0.7071
1 9 52 -0.7071 I 3 53 -0.4082
7 H 54 0.3333 8 8 54 -1.3333
7 iO 55 -0.3333 8 10 55 —C,6667
7 10 56 0.3333 8 10 56 0.6667
□ t~ 5 7 0.3333 13 13 57 -l.OOCO
7 10 58 -0.3333 6 10 58 C.3333
7 8 59 0.3333 7 10 59 C. 6667
7 3 60 0.3333 7 1C 6C -C.3333
7 7 61 0.6667 7 10 61 -C.3333
7 1 J 62 0.3333 10 10 62 0.3333
j 10 63 0.666 7 3 7 64 0.1667
9 10 64 -0.5773 3 7 65 0.1667
9 10 65 0.5773 3 3 66 — C.66b 7
j 9 67 0.5773 i 3 68 0.3333
11 14 70 -1.4142 12 13 71 -1.4142
SYMMETRIZED Z MATRIX
5 7 36 0.3 333 5 6 36 0.6667
5 7 37 0.6667 5 8 37 -0.6667
5 7 38 -0.6667 5 10 38 —0.6667
5 7 39 -0.3333 5 10 39 0.6667
5 5 40 C.3333 11 11 40 -1.0000
5 7 41 -0.3333 5 8 41 -0.6667
5 7 42 -0.3333 5 8 42 0.3333
4 3 43 -0.4714 5 7 43 -0.3333
4 7 44 -0.4714 4 10 44 -0.4714
11 14 44 1.0000 4 7 45 -0.4714
5 10 45 —0.6667 4 7 46 -0.4714
5 10 46 0.3333 11 14 46 -I.0000
2 3 49 -0.4082 2 9 49 -0,7071
1 3 51 0.8165 I 3 52 -0.4082
1 9 53 0.7C71 7 7 54 0.6667
7 7 55 -0.6667 7 8 55 -0.6667
7 7 56 -0.3333 7 8 56 -0.3333
7 7 57 0.3333 7 3 57 -0.3333
7 7 58 -0.66o7 7 3 58 0.3333
13 14 58 l.OOOC 7 7 59 -0.6667
8 10 59 —0.6667 7 7 60 -0.6667
8 10 6 C 0.3333 13 14 60 -1.0000
10 10 6 1 -1.3333 7 7 62 0.3333
14 14 62 -l.OCOO 3 7 63 -C.3333
3 10 64 -0.3333 7 9 64 0.2887
3 10 65 -0.3333 7 9 65 -0.2887
3 9 66 -0.5773 3 3 67 -0.6667
9 9 68 -1.0000 12 15 69 1.0000
CF3-CDH
IV-1814.
t 2 1 1.ooco 1 1 2 1.
3 4 4 -C.4714 4 4 4 0.
d 4 5 C.4714 4 4 5 0.
9 j 6 C.5010 5 5 7 0.
9 8 C .5000 7 7 5 0.
13 i 3 9 1. COf'O 7 7 10 0.
7 7 11 0.33 33 7 10 11 0.
7 7 lc 0.1667 7 10 12 -0.
Id 15 14 l.ccon 3 3 15 1.
3 8 15 -0.5339 4 4 15 0.
7 7 13 0.2 330 7 8 15 -c.
11 13 15 - C . 5663 13 13 15 0.
3 7 16 0.2 669 3 3 16 c.
4 8 16 -0.3775 7 7 16 0.
11 1 1 16 - G . 0672 3 3 17 0.
4 4 17 0. 5828 4 10 17 0.
7 7 17 0. 4048 10 10 17 c.
14 1 4 1 7 0. 8 0 )1 2 2 18 0.
d 9 18 -0. 3352 5 5 18 0.
Cf 6 18 0. 8096 6 9 18 -0.
1 5 19 - C .1792 1 6 19 0.
5 6 19 - C .22ul 5 9 19 -0.
9 Q 19 0.2736 1 1 20 0.
2 2 20 0.7519 2 5 20 0.
2 3 21 G.9251 2 4 21 -0.
2 7 21 -0.7421 2 9 21 -0.
3 4 21 - C .2211 3 5 21 -0.
3 9 21 -0.5C30 3 10 21 -0.
4 o 21 -0.1817 4 7 21 0.
5 5 21 0.3663 5 6 21 -0.
3 10 21 -0.3518 6 o 21 2.
6 1? 21 0.5369 7 7 21 0.
9 y 21 1.0538 9 10 21 -0.
il 14 21 -0.4699 11 15 21 c.
15 13 21 0.2514 1 1 22 0.
k .5 22 -G.2247 1 6 22 0.
1 1C 22 -0.4252 3 3 22 0.
3 6 22 C .6236 3 7 22 -0.
4 4 22 0.0 370 4 5 22 0.
4 9 22 -0.2628 4 10 22 0.
5 7 22 0.2651 5 9 22 -0.
t> 7 22 -0.7279 6 9 22 1.
7 9 22 -0.4608 7 10 22 0.
1C 1^ 2? 0.3384 11 11 22 w •
14 14 22 1. 1653 14 15 22 0.
0 d 23 -0.2C23 8 10 23 0.
13 14 23 -G.3998 14 14 23 -0.
3 b 25 1.1547 4 6 25 -c.
6 7 28 0.4C32 6 8 28 0.
o 7 30 -0.8165 6 10 3C -0.
3 6 32 0.8165 5 6 33 -0.
o 9 34 0.7C71 3 3 35 1.
6 6 3 1.0000 3 3 4 0.6667
11 11 4 1.0C00 3 3 5 0.3333
5 5 6 0.1667 5 9 6 0.2837
5 5 8 0.1667 5 9 8 -0.2887
7 8 9 -0.3333 8 8 9 0.3333
7 8 10 0.3333 8 8 10 0•6o67
10 10 11 0.3333 14 14 11 1.0000
10 10 12 0•6657 12 12 13 1.0000
3 4 15 0•6 260 3 7 15 0.5339
4 7 15 0.1888 4 8 15 -0.1888
3 3 15 0.2330 11 11 15 0.6303
3 3 16 0.8853 3 4 16 -0.6260
4 4 16 0.4426 4 7 16 -0.1888
7 8 16 0.2380 8 8 16 0.4760
3 6 17 1.2117 3 7 17 -0.4002
6 6 17 2.0637 6 7 17 -0.7818
11 11 17 0.5328 11 14 17 -0.5660
2 5 18 -0.1935 2 6 18 0.7820
5 f» 18 -0.2247 5 9 18 0.1647
9 9 18 0.2853 I 1 19 0.6063
1 9 19 0.3105 5 5 19 0.0912
6 6 19 0.8027 6 9 19 0.3916
1 2 20 0.7741 1 5 20 0.3521
5 5 20 0.2836 2 2 21 1.5053
2 5 2 1 -0.3904 2 6 21 1.8267
2 10 21 -0.1356 3 3 21 0.4063
3 6 21 0.9946 3 7 21 -0.2924
4 4 21 0.2 500 4 5 21 0.0066
4 9 21 0.0114 4 10 21 0.3661
5 7 21 0.3131 5 9 21 0.6344
6 Z 21 -0.9323 6 9 21 -1.2362
7 9 21 0.5422 7 10 21 -0.2606
10 10 21 1.3174 11 11 21 0.5626
14 14 21 0.7962 14 15 21 -0.4558
I 3 22 0.4204 1 4 22 -0.2973
1 7 22 -0.4252 1 9 22 0.3892
3 4 22 -0.123C 3 5 22 -0.2146
3 9 22 0.3717 3 10 22 -0.2026
4 6 22 -0.4410 4 7 22 0.1433
5 5 22 0.2 562 5 6 22 -0.5862
5 10 22 0.2661 o 6 22 1.6253
6 10 22 -0.7279 7 7 22 0.3884
9 9 22 0.7685 9 10 22 -0.4608
11 14 22 -0.4293 11 15 22 -0.2270
15 15 22 0.1955 7 7 23 -0.5734
10 10 23 -0.202 3 13 13. 23 -C.2023
3 6 24 0.5773 4 6 24 0.8165
2 6 26 1.0000 1 6 27 1.0000
6 7 29 0.8165 6 8 29 -0.8165
6 7 31 -0.4082 6 10 31 0.8165
6 9 33 -0.7071 5 6 34 -0.4082
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7 3 o 0.2357 3 8 36 0.
7 37 0.4714 3 8 37 -0.
7 38 -0. 4714 3 1C 33 -0.
7 39 -0.2 3 57 3 10 39 0.
3 40 0.6667 3 4 40 -0.
7 41 0.471* 3 8 41 0.
7 42 Q.4714 3 3 42 -0.
13 42 l.cooo 3 7 43 0.
6 43 0.3333 11 13 43 -1.
7 44 0.3333 4 10 44 0.
1 o. 45 0. 9428 4 7 45 c.
10 46 -0.4 714 4 7 46 0.
2 47 1.0000 2 5 48 0.
6 50 -0.4052 2 9 5 C 0.
52 -0. 707 L 1 5 53 -c.
8 54 0.3333 8 8 54 -1.
10 55 -0.3333 8 10 55 -0.
10 56 0.3333 8 10 56 0.
u 57 0.3333 13 13 57 -1.
1C 55 -0.3333 8 1C 58 0.
a 59 3.3333 7 10 59 0.
8 bO 0.3333 7 1C 60 -0.
7 6L 0.6667 7 10 61 -0.
1C 02 0.33 33 10 10 62 0.
ir 63 0.6667 5 7 64 0.
10 64 - 0.5773 5 7 65 0.
10 u5 0.5773 5 5 66 -0.
9 67 0.5773 5 5 68 c.
14 70 -1.4142 12 13 71 -1.
4 7 36 0.3333 4 8 36
4 7 37 0.6667 4 8 37
4 7 38 -0.6667 4 10 38
4 7 39 -0.3333 4 10 39
4 4 40 0.3333 11 11 4C
4 7 41 -0.3333 4 8 41
4 7 42 -0.3333 4 8 42
3 8 43 -0.4714 4 7 43
3 7 44 -0.4714 3 10 44
11 14 44 1.0000 3 7 45
4 10 45 -0•o6o7 3 7 46
4 10 46 0.3333 11 14 46
2 5 49 -0.4082 2 9 49
1 5 51 0.8165 1 5 52
1 9 53 0.7071 7 7 54
7 7 55 -0.6667 7 8 55
7 7 56 -0.3333 7 8 56
7 7 57 0.3333 7 8 57
7 7 58 -0.6667 7 8 58
13 14 58 l.OOOC 7 7 59
8 10 .59 —0.6667 7 7 60
8 10 60 0.3333 13 14 60
10 10 61 -1.3333 7 7 62
14 14 62 -I.0000 5 7 63
5 10 64 -0.3333 7 9 64
5 10 65 -0.3333 7 9 65
5 9 66 -0.5773 5 5 67






























SYMMETRIZED L MATRIX CP3-CGD
1 1 1 1.0000 * * 2 I.
2 3 A -0.*71* 3 3 * 0.
c 3 5 0.* 71* 3 3 c c .
9 9 o 0.5030 b 6 7 c.
9 9 8 0.5000 7 7 9 0.
12 12 9 1.0030 7 7 10 0.
7 7 11 0.3333 7 10 11 0.
7 7 12 0.1667 7 10 12 -0.
1 6 15 1* 1.0000 2 2 15 1.
2 :J 15 -0. 5*22 3 3 15 c.
7 7 15 0.2*82 7 3 15 “u •
11 12 15 -0.5751 12 12 15 0.
7 16 0.2711 2 3 16 0.
j 9 16 -0.383* 7 7 16 c .
11 1 1 16 -C. 06 99 2 2 17 0.
a 3 17 0.6059 3 10 17 c .
7 7 17 0.3910 10 10 17 0.
1* 1 * 17 0. 7 819 1 1 18 c.
1 9 16 -3.306* 5 5 18 c .
o 6 16 0.0796 6 9 18 0.
* 5 19 0.7726 * 6 19 -0.
5 6 19 -0.2*70 5 9 19 0.
9 9 19 0.*388 1 1 20 0.
* * 20 0. 7892 * b 20 0.
1 2 21 0.9616 1 3 21 -0.
1 7 21 -u.7886 1 9 21 -0.
2 3 21 -0.195* 2 5 21 1.
2 9 21 -0.*6 72 2 10 21 -0.
A 6 21 -0. C1 90 3 7 21 0.
5 5 21 2.2733 5 6 21 -0.
0 10 21 0.*693 6 6 21 0.
o 10 21 -0. 3309 7 7 21 0.
5 9 21 0.56*6 9 10 21 -0.
11 1* 21 0. *726 11 15 21 c.
15 1 5 21 0.19 3* 2 2 22 0 •
2 *0 22 0 , *365 2 6 22 -0.
2 10 22 -0.1328 3 3 22 0.
3 6 22 0.1603 3 7 22 0.
* * 22 0.8639 * 5 22 1.
t 9 2? 0.9*12 * 10 22 -0.
5 7 22 -0.7**1 5 9 22 1.
6 7 22 0. 3 796 6 9 22 -0.
7 9 22 -0.6575 7 10 2? 0.
Ij i0 22 0. * IC6 11 11 22 A <. •
1 * 1 * 22 1.2317 1 * 15 22 - 0 .
6 d 23 -0.22*9 6 10 23 c .
12 1 * 23 0 . *211 1 * 1 * 23 - 0 .
2 5 25 1.  15*7 3 5 25 - 0 .
5 7 26 0.*C32 5 8 28 0.
5 7 30 -0.8165 5 10 30 -0.
5 6 32 0.8165 5 6 33 -0.
5 9 3* 0.7071 2 2 35 1 .
IV-i86
5 5 3 1.0000 2 2 * 0.6667
11 11 * 1.0000 2 2 5 0.3333
6 6 6 0.1667 6 9 6 0.2887
o b 8 0•lbo7 6 9 8 -0.2887
7 d 9 -0.3333 8 8 9 0.3333
7 3 10 0.3333 8 8 10 0.6667
10 10 11 0.3333 1* 1* 11 1.0000
10 10 12 0•6667 13 13 13 1.0000
2 3 15 0. b 131 2 7 15 0.5*22
3 7 15 0.1917 3 8 15 -0.1917
8 8 15 0.2*62 11 11 15 0.6153
2 2 16 0•8o71 2 3 16 -0.6131
3 3 16 0.*335 3 7 16 -0.1917
7 a 16 0.2*82 8 8 16 0.*965
2 5 17 1.2333 2 7 17 -0.3997
5 5 17 2,0811 5 7 17 -0.7651
11 11 17 0.6059 11 1* 17 0.5652
I 5 16 0,3226 1 6 18 -0.1769
5 6 18 -0.2026 5 9 18 -0.3509
9 9 16 0.2388 * * IS 0.7685
* 9 ,19 0.*7** 5 5 19 0.6790
6 6 19 0.1*63 6 9 19 -0.2533
1 * 2C 0.6970 1 6 20 0.3871
6 6 20 0*5025 1 I 21 1.67*3
1 5 2 1 1.9622 1 6 21 -C.3707
1 1C 21 -0.1057 2 2 21 0.*2 75
2 6 21 -0.2697 2 7 21 -C.310*
3 3 21 0.2865 3 5 21 -0.15*7
3 9 21 -0.0329 3 10 21 0.*052
5 7 21 -0.9*63 5 9 21 -1.118*
6 7 21 0.2793 6 9 21 0.5565
7 9 21 0.*83d 7 10 21 -0.2338
1C 10 21 I.25*9 11 11 21 0.5685
It 1* 21 0.82 73 1* 15 21 0.*172
2 3 22 —0.06*3 2 * 22 0.*359
2 7 22 -0.1328 2 9 22 0.3926
3 * 22 -0.3082 3 5 22 —0.3**0
3 9 22 -0.2776 3 10 22 0.0939
* 6 22 -0.5*3* * 7 22 -0.5885
5 5 22 1.573B 5 6 22 -C.7892
5 10 22 — 0.7 **1 6 6 22 0.5005
6 10 22 0.379b 7 7 22 C.*106
9 9 22 1.5 015 9 10 22 -0.6575
11 1* 22 0.2817 11 15 22 -0.1967
15 15 22 0.3969 7 7 23 -0.*826
10 10 2 3 -0.22*9 12 12* 23 -0.22*9
7u 5 2* 0.5773 3 5 2* 0.8165
I 5 26 1 . 0 0 0 0 * 5 27 I.0000
5 7 29 0.8165 5 8 29 -0.8165
5 7 31 -0.*C92 5 10 31 0.8165
5 9 33 -0.7071 5 6 3 * -0.*082





















































SYMMETRIZED I MATRIX CF3-COF
IV-187
2 7 3cj 0.2357 2 8 36 0.4714
2 7 37 0.4714 2 6 37 -0.4714
2 7 38 -0. 4714 2 10 38 -0.4714
c 7 39 -0.2357 2 10 39 0.4714
2 2 40 0.6667 2 3 40 -0.4714
2 7 41 0.4714 2 8 41 C.942 3
2 7 42 0.4714 2 8 42 -G.4714
11 12 42 I.0000 2 7 43 0.4714
j D 43 0.3333 11 12 43 -I.0000
3 7 44 0.3333 3 10 44 0.3333
2 10 45 0.9428 3 7 45 0.3333
2 10 4 £j -0.4714 3 7 46 0.3333
1 4 47 1.0000 1 6 48 0*8165
1 6 50 -0.4082 1 9 50 0.7071
4 9 52 -0.7071 4 6 53 -0.4082
7 8 54 0.3333 8 8 54 -1.3333
7 10 55 -0.3333 8 10 55 -0.6667
7 1C 5b 0,3333 8 10 56 0.66 67
b 8 57 0.3313 12 12 57 -1.0000
7 10 58 -0.3333 8 10 58 0.3333
7 8 59 0.3313 7 1C 59 0.6667
7 6 60 0. 3333 7 10 60 -0.3333
7 7 61 0 • 6t>6 7 7 10 6 1 -0.3333
7 10 62 0.3333 10 10 62 0.3333
o 10 63 0.6067 6 7 64 0.1667
9 10 64 -0.5773 6 7 65 0.1667
9 10 65 0.5773 6 6 66 -0.6667
o 9 67 0.5773 o 6 68 0.3333
13 14 70 1.4142 12 13 71 -1.4142
' SYMMETRIZED Z MATRIX
7 36 <5.3333 3 8 3o 0.6667
7 37 0.6667 3 8 37 -0.6667
7 38 —0.6667 3 10 38 -0.6667
7 39 -0.3 333 3 10 39 0.6667
3 40 0.3333 11 11 40 -I.0000
7 41 -0.3333 3 8 41 -0.6667
7 42 -0.3333 3 8 42 0.3333
8 43 -0.4714 3 7 43 -0.3333
1 44 -0.4714 2 10 44 -0.4714
14 44 -l.OOCO 2 7 45 -0.4714
10 45 -0.6667 2 7 46 -0.4714
10 4tj 0.3333 11 14 46 1.0000
6 49 -0.4082 1 9 49 -0.7071
6 51 0.8165 4 6 52 -0.4082
9 53 0.7071 7 7 54 0.6667
7 55 -0.6667 7 8 55 -0.6667
7 56 -0.3333 7 8 5o -0.3333
7 57 0.3333 7 8 57 -0.3333
7 58 -0.6667 7 8 58 0.3333
14 58 -1.0000 7 7 59 -0.6667
10 59 -0.6667 7 7 60 -0.6667
10 "6 0 0.3333 12 14 60 1.0000
10 61 -1.3333 7 7 62 0.3333
14 62 -1.0000 6 7 63 -0.3333
10 t>4 -0.3333 7 9 04 0.2887
10 6 5 -0.3333 7 9 65 -0.2887
9 66 -0.5773 6 6 67 -0.6667
































1 1 1 1 . 0 0 0 0
2 3 4 - 0  . - +714
2 3 5 n . 4 7 1 4
'i 9 6 0 . 5 0 1 0
9 9 8 0 . 5 0 3 0
12 1 2 4 I . C O O n
7 7 11 0 . 3 3 3 3
7 7 12 0 .  166  7
15 15 14 1 . 0 0 0 0
2 7 15 0 . 5 3 3 2
0 p 15 0 . 2 4 4 5
U 12 15 - 0 .  5 7 0 8
2 6 16 0 . 5 3 8 2
i 7 16 - C . 1903
11 i  1 1 6 - 0 . C699
j 2 17 0 . 3 9 1 3
7 7 17 0 . 3 9 9 0
14 1 4 17 0 . 7 9 3 1
1 9 1 6 0 . 3 1 6 4
B 6 lo 0 . 0 3 6 3
4 5 1 9 0 . 6  54 3
5 a 14 - 0 . 2 5 9 9
9 9 19 0 . 5 5 1 7
P 5 20 0 . 8 4 9 4
1 2 21 0 . 9 6 2 1
1 U 21 - 0 . 3 3 1 8
3 21 - 0 . 2 C 4 6
2 9 21 0 . 4  6 74
J 7 21 0 . 0 3 8 0
9 4 21 2 . 2 7 4 3
9 10 21 0 . 4 0 9 5
7 10 21 - 0 . 2 3 6 4
9 9 21 1 .  0 1 7 6
11 14 21 - 0 .  4 6 4 4
15 1 5 21 ■ C . 2 C 6 3
2 *5 22 0 . 3  7 9 6
2 10 22 -0.1 2 4 5
3 7 22 C . 08 9 1
4 4 22 1 . 4 6 3 1
4 9 22 - 1 . 4 4 7 4
J a 22 - 0 . 5 C 3 3
7 8 22 0 . 3 9 7 0
a 9 2? 0.9899
10 10 22 0 . 3 7 5 0
14 14 22 1 . 1 2 4 9
o 10 23 0 . 4 2 1 1
12 14 23 - 0 . 4 2 1 1
2 4 25 1.  1547
4 0 28 0 . 8 1 6 5
4 1 30 - 0 . 3 1 6 5
4 a 32 0 . 8 1 6 5
4 9 34 - 0 . 7 0 7 1
5 5 2 l.OOOC
3 3 4 0.3333
3 3 5 0.6667
8 8 7 0.6667
6 6 9 0.3333
6 6 10 0.6667
7 10 11 0,3333
7 10 12 -0.3333
2 2 15 1.7341
3 3 15 0.1119
6 7 15 -0.2445
12 12 15 0.7336
2 7 16 0.2691
6 6 16 0.4891
2 2 17 0.5918
3 10 17 0.5607
10 10 17 C.79b1
1 1 16 0.7061
4 4 19 0.8338
8 9 18 -0.1455
4 8 19 -0.2735
5 9 19 -0.5195
1 1 20 0.6667
5 8 2 C 0.4614
1 3 21 -0.3046
1 9 21 0.6614
2 4 21 1.C381
2 10 21 -0.0537
3 8 21 -0.0087
4 7 21 -0.9439
7 7 21 0.5278
8 8 21 0.3392
9 10 21 0.5718
11 15 21 0.2616
2 2 22 0.0778
2 7 22 -0.1245
3 3 22 0.0 3 89
3 8 22 0.1734
4 5 22 1.0569
4 10 22 -0.686 I
5 9 22 -0.8717
7 9 22 0.6876
8 10 22 0.39 70
11 11 22 0. 1167
14 15 22 1.0229
7 7 23 -0.4826
14 14 23 -0.2249
3 4 25 -0.8165
4 7 28 0.4082
4 10 30 -0.8165
4 8 33 -0.4082
2 2 35 1.3333
4 4 3 l.OOCO
11 11 4 1.0C00
8 8 6 0.1667
a 8 B 0.1667
o 7 9 -0.3333
6 7 10 0.3333
1C 10 11 0.3333
10 10 12 0 .6667
2 3 15 0.6131
3 6 15 -0.190 3
7 7 15 0.2445
2 2 16 0.8671
3 3 16 0.4335
6 7 16 0.2445
2 4 17 1. 2308
4 4 17 2.1201
11 11 17 0.5918
1 4 16 0.8C88
4 8 18 -0.2134
9 9 16 0.2590
4 9. 19 -0.4736
3 8 19 0.1839
1 5 20 0.7969
8 6 20 0.3865
I 4 21 1.9345
1 10 21 -0.1122
2 7 21 -0.3015
3 3 21 0.2757
3 9 21 0.0150
4 8 21 -0.6772
7 8 21 0.2913
8 9 21 -0.5875
10 10 21 1.2921
14 14 21 0.8192
2 3 22 -0.0550
2 8 22 -0.2452
3 4 22 -0.3loS
3 9 22 C .3003
4 7 22 -0.6881
5 5 22 0.6119
5 10 22 -0.4 998
7 10 22 0.3750
9 9 2? 1.7145
11 14 22 -0.2642
15 15 22 0.5560
10 10 23 -0.2249
2 4 24 0.5773
1 4 26 I.0000
4 6 29 -0.8lo5
4 7 31 -0.4082
4 9 33 0.7071
2 3 35 0.4714
2 2 4 0.6667
2 2 5 0.3333
8 9 6 -0.2887
8 9 8 0.2887
7 7 9 0.3333
7 7 10 0.1667
14 14 11 I.0000
13 13 13 1.0000
2 6 15 -0.5382
3 7 15 0.1903
11 11 15 0.6153
2 3 16 -0.6131
3 6 16 -0.3305
7 7 16 0.1223
2 7 17 -0.3964
4 7 17 -0.7830
11 14 17 -0.5607
1 8 18 -0.1827
4 9 18 0.3696
4 4 19 0.5881
5 5 19 0.6689
8 9 19 0.3185
1 8 20 0.3691
1 1 21 1.6188
1 7 21 -0.7737
2 2 21 0.4204
2 8 21 -0.2814
3 4 21 -0.1645
3 10 21 0.3885
4 9 21 1.1729
7 9 21 -0.5045
8 10 21 -0.3301
11 11 21 0.5650
14 15 21 -0.4230
2 4 22 0.4481
2 9 22 -0.4247
3 5 22 -0.2684
3 10 22 0.C881
4 8 22 -0.8357
5 7 22 -0.4993
7 7 22 0.3750
a 8 22 0.5715
9 10 22 0.6876
11 15 22 -0.2174
6 6 23 -0.2249
12 12’23 -0.2249
3 4 24 0.8165
4 5 27 1.0000
4 7 29 0.8165
4 10 31 0.8165
4 8 34 -0.4082
3 3 35 -1.3333
SYMMETRIZED I MATRIX CE3-CGCL
IV-189
2 6 36 C.4714 2 7 36 0.2357
i. o 37 -0.4714 2 7 37 0.4714
2 7 3 3 -0.9714 2 10 38 -0.4714
c 7 39 -0.2357 2 10 39 0.4714
2 'i*' 0.ob6 7 2 3 40 -0.4714
£ 6 41 0.9428 2 7 41 0.4714
2 6 42 -C.4714 2 7 42 0.4714
li 12 92 1.0000 2 6 43 -0.4714
3 7 43 -0.3333 11 12 43 -1.0000
7 44 0.3333 3 10 44 C.3333
2 10 43 0.9423 3 7 45 0.3333
2 10 46 -0.4714 3 7 46 0.3333
1 3 47 1.0000 1 8 48 0.8165
1 8 50 -0.4082 1 9 50 -C.7071
3 9 52 0.7071 5 8 53 -0.40B2
o 7 54 0.3333 7 7 54 0.6667
f 7 55 — 0.6 66 7 7 10 55 -0.3333
7 7 56 -0.3333 7 10 56 0.3333
7 7 57 0.3333 12 12 57 -I.0000
7 7 58 -0.6667 7 10 58 -0.3333
o 10 59 —0.6667 7 7 59 -0.6667
o 10 oO 0.3333 7 7 60 —0.6667
7 7 61 0.666 7 7 10 61 -0.3333
7 iO o2 0.3333 10 10 o 2 0.3 33 3
3 10 63 0,6667 7 8 64 0.1667
9 10 6 4 0.57 73 7 8 65 0.1667
9 10 o5 - 0. 5773 8 3 66 — 0.666 7
j 9 67 -0.5773 3 8 68 0.3333
13 1 4 70 -1.4142 12 13 71 - 1.4142
' SYMMETRIZED Z MATRIX
6 36 6.6667 3 7 36 0.3333
6 37 -0.6667 3 7 37 0.6667
7 38 —0.6667 3 10 38 -0.6667
7 39 -0.3333 3 10 39 0.6667
3 40 0.3333 11 11 40 -1.0000
6 41 -0.6667 3 7 41 -0.3333
6 42 0.3333 3 7 42 -0.3333
7 43 0.4714 3 6 43 0.3333
7 44 -0.4714 2 10 44 -0.4714
14 44 1.0000 2 7 45 -0.4714
10 45 -0.6667 2 7 46 -0.4714
10 46 0.3333 11 14 46 -1.0000
8 49 -0.4082 1 9 49 0.7071
.8 51 0.8165 5 8 52 -0.4082
9 53 -0.7071 6 6 54 -1.3333
7 55 -0.6667 6 10 55 -0.6667
7 56 -0.3333 6 10 56 0.6667
6 57 0.3333 6 7 57 -0.3333
7 58 0.3333 6 10 53 0.3333
14 58 1.0000 6 7 59 0.3333
10 59 0,6667 6 7 60 0.3333
10 6 0 -0.3333 12 14 60 -1.0000
10 61 - 1.3333 7 7 62 0.3333
14 62 -l.OOCO 7 8 63 -0.3333
9 64 -0.2887 0 10 64 -0.3333
9 65 C.2887 8 1C 65 -0.3333
9 66 0.5773 8 8 67 -0.6667































D. BRAPFERT and SORT 
1. Frequency Fit 
For each molecule the observed and calculated fre­
quencies are listed along with their difference and per 
cent difference. Note that in some cases the torsional 
frequency fit appears poor with respect to the percent 
difference. This fact can be misleading since the dif­
ference itself is quite small.
IV-191
ALIGNMENT OBSERVED CALCULATED DIFF. PERCENT
—
, I THE ASYM. HCH2 STRETCH --- 3010.0 301C.7 -0.7 -0.0
2 THE SYMMETRIC CH3 STRETCH 2967.0 2966.0 1.0 0.0
3 1 HE C-Z STRETCH ---------- 2322.0 2806.1 15.9 0.6
4 THE C=0 STRETCH ---------- 1743.0 1749.2
<M•-01 -0.4
5 THE HCH2 DEFORMATION ----- 1441.0 1436.3 4.2 0.3
o THE CH3 UMBRELLA BEND ---- 1400.0 1403.2 -3.2 -0.2
7 THE SCISSORS BEND ------- 1352.0 1348.4 3.6 0.3
a THE IN-PLANE CH3 ROCK ---- 1113.0 1103.9 9.0 0.8
9 THE C-C STRETCH ---------- 919.0 916.4 2.6 0.3
LO THE 0=C-Z RCCK ------------ 509.0 509.8 -0.8 -0.2
1L THE A** HCH2 STRETCH ----- 3010.0 3001.8 8.3 0.3
12 THE A "  HCH2 OEFORMAT ICN - 1420.0 1427.5 -7.5 -0.5
13 THE« OUT-OF-PLANE CH3 HAG 867.C 817.9 49.1 5.7
14 THE OUT-OF-PLANE WAG ----- 763.0 74 5.6 17.4 2.3
15 THE TORSION--------------- 150.0 146.8 3.2 2.1
OBSERVED ANC CALCULATED FREQUENCIES OF --- CH3-C0H
-L
XV-192
ASSIGNMENT OBSERVED CALCULATED DIFF. PERCENT
I THE C-Z STRETCH ---------- 2812.0 2806.7 5.3 0.2
2 THE ASYM. UCD2 STRETCH ---'
•
2254.0 2239.2 14.8 0.7
3 THE SYMMETRIC CD3 STRETCH 2117.0 2132.8 -15.8 -0.7
4 THE C-0 STRETCH ---------- 1753.0 1740.6 12.4 0.7
5 1 HE SCISSORS B E N D ------- 1390.0 1385.9 4.1 0.3
6 THt C-C STRETCH ---------- 1131.0 1146.1 -15.1 -1.3
7 THE DC32 DEFORMATION----- 1038.0 1030.7 7.3 0.7
d THE CD3 UMBRELLA BEND ---- 960.0 983.7 -23.7 -2.5
9 THE IN-PLANE CD3 R C C K ---- 774.0 739.8 34. 2 4.4
10 THE 0=C-Z RCCK ----------- 443.0 451.5 -8.5 -1.9
11 T HE A** 0CD2 STRETCH----- 2223.0 2226.3 -3.3 -0.2
12 THE A "  0CD2 DEFORMATION - 1028.0 1033.0 -5.0 -0.5
13 THE OUT-OF-PLANE WAG ----- 761.0 757.7 3.3 0.4
W THE OUT-OF-PLANE CD3 WAG 626.0 614. 1 11.9 1.9
15 THE TORSION--------------- 122 .0 117.3 4.7 3. 8
OBSERVED AND CALCULATED FREQUENCIES CF --- CD3-COH
IV-193
ALIGNMENT OBSERVED CALCULATED DIFF • PERCENT'
1 THE ASYM. HCH2 STRETCH --- 3014.0 3010.5 3.5 0.1
2 THE SYMMETRIC CH3 STRETCH 2970.0 2965.6 4.4 0.1
3 IHE C-Z STRETCH ---------- 2071.0 2066.3 4.7 0.2
4 THE C = l) STRETCH---------- 1743.0 1716.7 26.3 1.5
5 THE HCH2 DEFORMATION ----- 1442.0 1435.3 6.7 0.5
0 THE CH3 UMBRELLA BEND ---- 1353.0 1370.1 -17.1 -1.3
7 THE C-C STRETCH ---------- 1109.0 1103.1 5.9 0.5
0 THE IN-PLANE CH3 ROCK ---- 1043.0 1060.1 -17.1 -1.6
9 THE SCISSORS BEND ------- 849.0 875.2 -26.2 -3. 1
10 THE 0=C-Z ROCK ----------- 500.0 503.8 -3.8 -Q.8
11 THE A "  HCH2 STRETCH----- 3014.0 3001.8 12.3 0.4
12 THE A "  HCH2 DEFORMATION - 1420.0 1426.^ -6.1 -0.4
13 THE OUT-OF-PLANE CH3 MAG 802.0 816.1 -14.1 -1.8
14 THE o u t-u f -p l a n e W A G ----- 66 8.0 62 7.9 40.1 6. 0
13 IHE TORSION --------------- 145.0 140.4 4.6 3.1
OBSERVED AND CALCULATED FREQUENCIES CF — CH3-COD
IV- '19k
ASSIGNMENT OBSERVED CALCULATED DIFF. PERCENT
I 1 HE ASYM. DCD2 STRETCH --- 2265.0 2238.8 26.3 1.2
2 r he SYMMETRIC CD3 STRETCH 2130.0 2134.5 -4.5 -0.2
3 THE C-Z STRETCH ---------- 2060.0 2063.9 -3.9 -0.2
4 THE C=0 STRETCH ---------- 1737.C 1710.5 26.5 1.5
5 THE C-C STRETCH ---------- 1151.0 1165.8 -14.8 -1.3
o THE DC02 DEFORMATION ----- 1045.0 1033.3 11.7 l.l
7 f HE C03 UMBRELLA BEND ---- 1023.0 1029.1 -1.1 -0.1
a THE SCISSORS BEND ------- 930.0 961.9 -23.9 -2.5
9 THE IN-PLANE CD3 ROCK ---- 747.0 727.9 19. 1 2.6
10 THE G=C-Z ROCK ----------- 436.0 446.4 -10.4 -2.4
11 THE A "  DCD2 STRETCH----- 2225.0 2226.3 -1.3 -0.1
12 THE A*' DCC2 DEFORMATION - 1023.0 1029.1 -1.1 -0.1
13 THE OUT-OF-PLANE W AG  ---- 676.0 681.9 -5.9 -0.9
14 THE OUT-OF-PLANE CD3 WAG .573.0 570.5 2.5 0.4
15 THE TORSION --------------- 116.0 110.2 5.8 5.0
OBSERVED AND CALCULATED FREQUENCIES OF —  CD3-COO
XV-19$
ASSIGNMENT OBSERVED CALCULATED DIFF. PERCEI
I T HE ASYM. HCH2 STRETCH --- 3043.0 307C.3 -27.3 -0.9
2 THE SYMMETRIC CH3 STRETCH 2953.0 2962.7 -9.7 -0.3
3 THE C=0 STRETCH ---------- 1B70.0 1875.3 -5.3 -0.3
A THE HCH2 d e f o r m a t i o n ----- 1437.0 1468.3 -31.3 -2.2
3 T HE CH3 UMBRELLA BEND ---- 1378.0 1372.4 5.6 0.4
6 IHE C-Z STRETCH ---------- UB7.0 1210.2 -23.2 -2.0
7 THE IN-PLANE CH3 ROCK ---- 1000.0 1001.4 -1.4 -0.1
6 THE C-C STRETCH ---------- 826. C 824.7 1.3 0.2
9 THE SCISSORS BEND ------- 598.0 602.4 -4.4 -0.7
10 THE 0=C-Z RCCK ------------ 420.0 420.3 -0.3 -0.1
11 THE A "  HCH2 STRETCH----- 3004.0 3008.1 -4. 1 -0.1
12 THE A" HCH2 DEFORMATION - 1440.0 1448.7 -8.7 -0.6
IS THE OUT-OF-PLANE CH3 WAG 1053.0 1070.1 -17.1 -1..6
14 THE OUT-OF-PLANE WAG ----- 567.C 572.9 -5.9 -1.0
ip IHE TORSION--------------- 122.0 119.1 2.9 2.4
OBSERVED ANC CALCULATED FREQUENCIES OF --- CM3-COF
IV-196
ASSIGNMENT OBSERVED CALCULATED DIFF. PERCENT
1 THb ASYM. 0CD2 STRETCH --- 2274.0 2272.0 2.0 0.1
2 THE SYMMETRIC CD3 STRETCH 2144.0 2138.9 5.1 0.2
3 (HE C=0 STRETCH ---------- 1869.0 1872.1 -3.1 -0.2
4 THE C-Z STRETCH ---------- 1204.0 1192.3 11.8 1.0
5 THE CD3 UMBRELLA BEND ---- 1149.0 1127.5 21.5 1.9
6 THE DC02 DEFORMATION ----- 1030.0 1015.8 14.2 1.4
7 THE IN-PLANE CD3 R O C K ---- 839.0 819.0 20.0 2.4
a THE C-C STRETCH ---------- 778.0 772.3 5.7 0.7
9 THE SCISSORS BEND ------- 577.0 572.5 4.5 0.8
10 THE 0=C-Z ROCK ----------- 378.0 379.8 -1.8 -0.5
11 THE A• • DC02 STRETCH----- 2243.0 2239.0 4.0 0.2
12 THE A" 0CC2 DEFORMATION - 1057.0 1068.6 -11.6 -1.1
1 J lV»E OUT-UF-PLANE CD3 WAG 915.0 909.8 5.2 0^6
14 THE OUT-OF-PLANE WAG ----- 491.0 478.6 12.4 2.5
15 THE TORSION--------------- 93.0 89.3 3.7 4.0
03SERVED ANC CALCULATED FREQUENCIES OF --- CD3-COF
IV-197
ASSIGNMENT OHSERVEO CALCULATED DIFF. PERCENT
I THE ASYM. HCH2 STRETCH --- 3029.0 3025.3 3.7 0.1
2 1 HE SYMMETRIC CH3 STRETCH 2934.0 2923.6 10.3 0.4
3 IHE C=0 STRETCH ---------- 1322.0 1833.2 - 11.2 -0.6
4 THE HCH2 DEFORMATION ----- 1432.0 1472.1 -40.1 -2.8
5 THE CH3 UMBRELLA BEND ---- 1370.0 1349.5 20.5 1.5
6 THE IN-PLANE CH3 RCCK ---- 11C9.0 1C98.7 10.3 C.9
7 THE C-C STRETCH ---------- 958.0 975.4 -17.4 -1.8
6 ■THE C-Z STRETCH ---------- 608.0 609.5 -1.5 -0.3
V THE SCISSOKS BEND ------- 436.0 440.9 -4.9 -1.1
10 THE 0=C-2 ROCK ----------- 348.0 344.6 3.4 1.0
11 I HE A”  HCH2 STRETCH----- 3029.0 3030.4 -1.4 -0.0
12 THE A* * HCH2 DEFORMATION - 1432.0 1430.9 l.l 0.1
13 THE OUT-OF-PLANE CH3 WAG 1C29.0 1030.2 -1.2 -0.1
14 THE OUT-CF-PLANE WAG ----- 514.0 525. 1 -11.1 -2.2
15 THE TORSION --------------- 137.0 146.9 -9.9 -7.2
OBSERVED ANC CALCULATED FREQUENCIES CF --- CH3-CCCL
IV-198
ASSIGNMENT OBSERVED CALCULATED DIFF. PERCENT
I THE ASYM. DCD2 STRETCH ---• 2280.0 2258.1 21.9 1.0
2 THE SYMMETRIC CD3 STRETCH 2104.0 2096.2 7.8 0.4
3 THE C=0 STRETCH ---------- 1820.0 1826.8 -6.8 -0.4
A THE CC02 DEFORMATION----- 1132.0 1093.1 38.9 3.4




6 THE C-C STRETCH ---------- 962.0 978.4 -16.4 -1.7
7 THE IN-PLANE CD3 ROCK ---- 818.0 834.7 -16.7 -2.0
B THF. C-Z STRETCH -------------------------------- 563.0 570.8 -7.0 -1.4
9 THE SCISSORS BEND ---------------------- 437.0 426.6 10.4 2.4
10 THE 0=C-Z ROCK ----------------------------------- 317.0 308.8
<\J*CO 2.6
11 THE A "  DCD2 STRETCH --------------- 2280.0 2263.5 16.5 0.7
12 THE A "  DCD2 DEFORMATION - 1040.0 1015.6 24.4 2.3
13 THE CUT-UF-PLANE CD3 WAG 877.0 842.8 34.2 3.9
14 THE OUT-OF-PLANE WAG --------------- 498.0 482.0 16.0 3.2
lb THE TORSION --------------------------------------------- 102.0 106.0 -4.0 -4.0
OBSERVED ANC CALCULATED FREQUENCIES OF —  CD3-COCL
IV-199
ASSIGNMENT OBSERVED CALCULATED DIFF. PERCEf
1 THE ASYM. HCH2 STRETCH ---- 3026.C 3C30.3 -4.3 -0.1
2 I Ht SYMMETRIC CH3 STRETCH 2945.0 2936.8 8.2 0.3
3 THE C=0 STRETCH ---------- 1821.0 1824.5 -3.5 -0.2
A THE HCH2 DEFORMATION ----- 1425.0 1439.5 -14.5 -1.0
5 THE CH3 UMBRELLA 8EN0 ---- 1362.0 1348.1 13.9 1.0
6 THE IN-PLANE CH3 ROCK ---- 1092.0 1087.5 4.5 0.4
7 THE C-C STRETCH ---------- 942.0 945.5 -3.5 -0.4
8 THE C-Z STRETCH ---------- 570.0 571.0 -1.0 -0.2
9 THE SCI SSORS B E N D ------- 347.0 345.7 1.3 0.4
10 THE U=C-Z RCCK ----------- 304.0 311.4 -7.4 -2.4
11 1 HF A "  HCH2 STRETCH----- 3025.0 3026.8 -1.8 -0.1
12 THE A*• HCH2 DEFORMAT I UN - 1438.0 1443.1 -5.1 -0.4
13 THE OUT-OF-PLANE CH3 WAG 10Z1.0 1039.8 -18.8 -1.8
1* THE OUT-OF-PLANE WAG ----- 492.0 490.4 1.6 0.3
is IHE TURSION --------------- 137.0 142.4 -5.4 -4.0
OBSERVED AND CALCULATED FREQUENCIES OF --- CH3-CGBR
XV-200
ALIGNMENT OBSERVED CALCULATED DIFF. PERCENT
1 THE ASYM. 0CD2 STRETCH --- 2275.0 2258.3 16.6 0.7
2 THE SYMMETRIC CD3 STRETCH 2105.0 2107.8 -2.8 -0.1
3 THE C=0 STRETCH ---------- 1825.0 1817.8 7.2 0.4
4 THE DCD2 DEFORMATION ----- 1122.0 1119.6 2.4 0.2
5 7 HE CD3 UMORELLA BEND ---- 1010.0 1023.9 -13.9 -1.4
o THE IN-PLANE CD3 R O C K ---- 951.0 951.0 -0.0 -0.0
7 THE C-C STRETCH ---------- 808 .0 804.7 3.3 0.4
a 1 HE C-I STRETCH ---------- 525.0 522.5 2.4 0.5
9 THE SCISSORS BEND ------- 345.0 342.1 2.9 0.8
10 THE 0=C-7 RCCK ----------- 275.0 278.5 -3.5 -1.3
n IHE A "  DCD2 STRETCH----- 2275.0 2258.6 16.4 0.7
12 I HE A" 0CD2 DEFORMATION - 1043.0 1C26.5 16.5 1.6
13 THE OUT-OF-PLANE CD3 WAG 855.0 850.5 4.5 0.5
14 THE OUT-OF-PLANE WAG ----- 440.0 448.2 -8.2 -1.9
IS THE TORSION--------------- 101.0 102.5 -1.5 -1.5
OBSERVED ANC CALCULATED FREQUENCIES OF --- C03-C0BR
IV-201
ASSIGNMENT OBSERVED CALCULATED DIFF. PERCENT
1 IHE C-Z STRETCH---------- 2864*0 2876.9 -12.9 -0.5
2 THE C = 0 s t r e t c h ---------- 1798.0 1799.8 -11.8 -0.7
3 THE SCI SSORS 8 E N D ------- 1384.0 1414.9 -30.9 -2.2
4 1 HE SYMMETRIC CF3 STRETCH 1310.0 1271.9 38.1 2.9
5 THE ASYM. FCF2 STRETCH --- 1202.0 1163.5 38.5 3.2
6 THE C-C STRETCH ---------- 840.0 848.7 -8.7 -1.0
7 THE CF3 UMBRELLA BEND ---- 706.C 690.6 15.3 2.2
6 THE FCF2 DEFORMATION ----- 580.0 579.5 0.5 0.1
9 THE 0=C-Z ROCK ------------ 431.0 434.8 -3.8 -0.9
i.0 IHE IN-PLANE CF3 ROCK ---- 256.C 255.5 0.5 0.2
II THE A "  FCF2 STRETCH----- 1183.0 1221.4 -38.4 -3.2
12 THE OUT-OF-PLANE NAG ----- 958.0 859.3 96.7 10.3
13 THE A" FCF2 DEFORMAT ICN - 531.0 525.5 5.5 1.0
14 THE DUT-OF-PLANE CF3 WAG 322.0 362.7 •
01 -12.7
15 THE TORSION--------------- 55.0 59.9 -4.9 -8.9
OBSERVED AND CALCULATED FREQUENCIES CF --- CF3-COH
IV-202
ASSIGNMENT OBSERVED CALCULATED DIFF. PERCENT
1 I Hfc C-Z STRETCH ---------- 2150.0 2155.1 -5.1 -0.2
■ 2 T HE C=0 STRETCH ---------- 1770.0 1761.6 8.4 0.5
3 THE SYMMETRIC. CF3 STRETCH 1302.0 1304.6 -2.6 -0.2
4 THE ASYM. FCF2 STRETCH --- 1244.0 1264.8 -20.8 -1.7
5 THE SCISSORS b e n d  ------- 1033.0 999.3 33.6 3.3
o THE C-C STRETCH ---------- 811.0 794.3 16.7 2.1
7 T HE CF3 UMBRELLA BEND ---- 693 .0 687.9 5.1 0.7
a 1 HE FCF2 DEFORMATION----- 580 .0 576.2 3.8 0.7
9 THE 0=C-Z ROCK ----------- 428.0 416.4 11.6 2.7
10 THE IN-PLANE CF3 RCCK ---- 253.0 255.0 -2.0 -0.8
11 THE A "  FCF2 STRETCH----- 1177.0 1219.0 -42.0 -3.6
12 THE OUT-DF-PLANE WAG ----- 842.0 844.8 -2.8 -0.3
13 THE A "  FCF2 DEFORMATION - 521.0 525.5 -4.5 -C.9
14 THE OUT-OF-PLANE CF3 WAG 313.0 306.8 11.2 3.5
15 THE TORSION--------------- 52.0 52.3 -0.3 -0.7
OBSERVED ANC CALCULATED FREQUENCIES OF —  CF3-COD
IV-203
ASS IGNMENT OBSERVED CALCULATED DIFF. PERCENT
1 THE C=U STRETCH---------- - 1899.C 1869.9 29.1 1.5
2 THE SYMMETRIC CF3 STRETCH 1340.0 1359.7 -19.7 -1.5
3 THE ASYM. FCF2 STRETCH --- 1254.0 1274.3
m•01 -1.6
4 THE C-Z STRETCH ---------- 1099.n 1116.7 -17.7 -1.6
5 THE C-C STRETCH ---------- 806.0 800.7 5.3 0.7
6 THE SCIS50RS BEND ------- 761.0 72 3.7 37.3 4.9
7 THE CF3 UMBRELLA BEND ---- 692.0 660.7 31.3 4.5
a THE FCF2 DEFORMATION ----- 595.0 576.4 18.5 3.1
9 THE 0=C-Z ROCK ------------ 390.0 391.8 -1.8 -0.5
10 THE IN-PLANE CF3 RCCK ---- 228.0 227.2 0.8 0.4
11 THE A "  FCF2 STRETCH----- 1214.0 1199.1 14.9 1.2
12 THE A". FCF2 DEFORM ATI CN - 519.0 537.2 -18.2 -3.5
13 THE CUT-OF-PLANE WAG ----- 427.0 428.6 -1.6 -0.4
1* THL OUT-OF-PLANE CF3 WAG 242.0 241.7 0.3 0. 1
15 THE TORSION--------------- 50.0 58.3 -8.3 -16.6
OBSERVED ANC CALCULATED FREQUENCIES OF --- CF3-C0F
IV-20k
ASSIGNMENT OBSERVED CALCULATED DIFF. PERCENT
1 THE C=0 STRETCH---------- ‘ 1B11.0 1812.2 -1.2 -0.1
2 THE SYMMETRIC CF3 STRETCH 1284.0 1315.0 -31.0 -2.4
3 THE ASYM. FCF2 STRETCH --- 1240.0 1253.8 -13.8 -1.1
4 THE C-C STRETCH ---------- 937.0 947.0 -10.0 -1.1
b THE C-Z STRETCH---------- 750.0 73 5.3 14.7 2.0
6 THE FCF2 OEFCRMATICN ----- 703.0 669.4 33.6 4.8
7 THE CF3 UMBRELLA BEND ---- 583.0 606.8 -23.8 -4.1
6 THE SCISSORS B E N D ------- 511.0 496.7 14.3 2.8
9 THE □=C-Z ROCK ------------ 334.0 350.3 -16.3 -4.9
10 THE IN-PLANE CF3 R O C K ---- 198.0 198.0 -0.0 -0.0
11 THE A* • FCF2 STRETCH----- 1202.0 1168.0 34.0 2.8
12 THt A'» FCF2 DEFORMATION - 517.0 527.8 -10.8 -2.1
13 IHE OUT-OF-PL ANC W A G ----- 390.0 399.3 -9.3 -2.4
14 THE OUT-OF-PLANE CF3 WAG 234.0 234.3 -0.3 -0.1
lb THE TORSION --------------- 50.0 44.0 5.9 11.9
OBSERVED AND CALCULATED FREQUENCIES CF --- CF3-COCL
IV-205
2, Urey-Bradley Force Field 
The folloitfing table lists all of the simple valence 
force constants, the Urey-Bradley non-bonded repulsion 
force constants, and the interaction force constants for 
each of the seven types of molecules. Each row of the 
table is labeled with an abbreviation of an internal co­
ordinate or combination of internal coordinates, in the 
case of the interaction force constants. The force con­
stant numbering system corresponds with that displayed 
in Figure 2-3, page 11-12,
IV-206
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3* Symmetrized I? Matrix
The symmetrized P matrix is formed by the operation 
of the symmetrized Z matrix on the Urey-Bradley force 
field. The P matrix is given in terms of its two sym­
metry blocks. The symmetry coordinate labels of the rows 
and columns are listed above the appropriate symmetry 
blocks.
IV-209
1 T H E A S Y M .  H C H 2  S T R E T C H  --------
2 T H E S Y M M E T R I C  C H 3  S T R E T C H
3 T H E C - Z  S T R E T C H  -----------------------------
4 T H E C * C  S T R E T C H ----------------------------
5 T H E H C H 2  O E F Q R M A T I O N --------------
6 T h E C H 3  U M B R E L L A  B E N D  -----------
7 T H E S C I S S O R S  B E N D  --------------------
8 T H E I N - P L A N E  C H 3  R O C K  -----------
9 T H E C - C  S T R E T C H  -----------------------------
1 0 T H E O C - Z  R C C K ------------------------- —
1 4 . 8 5 7 0  0 . 0 1 3 5  0 . 0  0 . 0 1 8 6 - 0 . 0 5 1 0 - 0 . 0 0 3 9 - 0 . 0 0 2 3  0 . 1 2 2 7  0 . 0 1 4 3 - 0 . 0 0 4 0
2  0 . 0 1 3 5  5 . 0 7 6 3  0 . 0  - 0 . 0 5 4 7  0 . C  - 0 . 0 1 1 9  0 . 0 1 5 6  0 . 0 0 5 6  0 . 3 0 4 5  0 . 0 2 7 1
3  0 . 0  0 . 0  4 . 3 9 1 1  0 . 4 8 1 8  0 . 0  0 . 0  0 . 1 1 8 5  0 . 0  0 . 4 4 9 3  0 . 1 9 1 8
4  0 . 0 1 8 6 - 0 . 0 5 4 7  0 . 4  8 1 8 1 1 . 1 0 9 3  0 . 0  0 . 0 4 1 6  0 . 2 C 2 9  0 . 0 0 2 4  0 . 1 5 7 6 - 0 . 0 6 8 9
5  - 0 . 0 5 1 0  0 . 0  0 . 0  0 . 0  0 . 5 1 3 0  0 . 0  0 . 0  0 . 0 2 0 8  0 . 0  0 . 0
6  - 0 . 0 0 3 9 - 0 . 0 1 1 9  0 . 0  0 . 0 4 1 6  C . O  0 . 5 2 2 2  0 . 0 0 7 6 - C . 0 3 5 7 - 0 . 2 0 9 3 - 0 . 0 6 6 5
7  - 0 . 0 0 2 3  0 . 0 1 5 6  0 . 1 1 8 5  0 . 2 C 2 9  0 . 0  0 . 0 0 7 6  0 . 7 8 2 1 - 0 . 0 2 9 8 - 0 . 1 6 8 9  0 . 1 5 5 9
8  U . 1 2 2 7  0 . 0 0 5 6  0 . 0  0 . 0 0 2 4  0 . 0 2 0 8 - 0 . 0 3 5 7 - 0 . 0 2 9 8  0 . 6 0 1 0 - 0 . 0 6 6 6  0 . 1 0 7 7
9  0 . 0 1 4 3  0 . 3 0 4 5  0 . 4 4 9 3  C . 1 5 7 6  C . O  - 0 . 2 0 9 3 - 0 . 1 6 8 9 - 0 . 0 6 6 6  4 . 5 8 5 8  0 . 1 7 7 4
1 0  - 0 . 0 0 4 0  0 . 0 2 7 1  0 . 1 9 1 8 - 0 . 0 6 8 9  0 . 0  - 0 . 0 6 6 5  0 . 1 5 5 9  0 . 1 0 7 7  0 . 1 7 7 4  0 . 8 3 4 7
1 1 T H E A *  * H C H 2  S T R E T C H -----
1 2 T H E A * *  H C H 2  O E F Q R M A T I O N  -
1 3 T H E O U T - O F - P L A N E  C H 3 WAG
1 4 T H E O U T - O F - P L A N E  WAG -----
1 5 T H E T O R S I O N  ------------------------- — --------
1 1  4 . 8 3 7 8 - 0 . C 5 1 0 - C . 1 1 4 8  0 . 0  - 0 . 0 1 3 0
1 2  - 0 . 0 5 1 0  0 . 5 1 3 0 - 0 . 0 2 0 8 - 0 . 1 1 3 1  0 . 0
1 3  - 0 . U 4 8 - C . 0 2 0 8  0 . 4 2 9 5 - 0 . 0 7 0 7  0 . 0 2 0 3
1 4  0 . 0  - C . 1 1 3 1 - 0 . 0 7 0 7  1 , 0 5 0 0  0 . 0 3 C 0
1 5  - 0 . 0 1 3 0  0 . 0  0 . 0 2 0 3  0 . 0 3 0 0  0 . 0 2 9 1
F MATRIX FOR THfc MOLECULE CH3-C0H
IV-210
1 T H E  C - Z  S T R E T C H  ----------------------------
2  T H E  A S Y M .  D C 0 2  S T R E T C H  --------
3  T H E  S Y M M E T R I C  C D 3  S T R E T C H
4  T H E  C = C  S T R E T C H  ----------------------------
5 T H E  S C I S S O R S  B E N D  --------------------
6  T H E  C - C  S T R E T C H  ----------------------------
7  T H E  0 C D 2  D E F C R M A T I O N  --------------
8 T H E  C D 3  U M B R E L L A  B E N D  -----------
9  T H E  I N - P L A N E  C D 3  R O C K  -----------
1 0  T H E  0 = C - Z  R O C K  --------------------------------
1 4 . 3 9 1 1  0 . 0  0 . 0  0 . 4 8 1 8  0 . 1 1 8 5  0 . 4 4 9 3  0 . 0  0 . 0  0 . 0  0 . 1 9 1 8
2  U . O  4 . 0 5 7 0  0 . 0 1 3 5  0 . 0 1 8 6 - 0 . 0 0 2 3  0 . 0 1 4 3 - 0 . 0 5 1 0 - 0 . 0 0 3 9  0 . 1 2 2 7 - 0 . 0 0 4 0
3  0 . 0  0 . 0 1 3 5  5 . 0 7 6 3 - 0 . 0 5 4 7  0 . 0 1 5 6  0 . 3 0 4 5  0 . 0  - 0 . 0 1 1 9  0 . 0 0 5 6  0 . 0 2 7 1
4  0 . 4 8 1 8  0 . 0 1 8 6 - 0 . 0 5 4 7 1 1 . I C 9 3  0 . 2 0 2 9  0 . 1 5 7 6  0 . 0  0 . 0 4 1 6  0 . 0 0 2 4 - 0 . 0 6 8 9
5  0 . 1 1 8 5 - 0 . 0 0 2 3  0 . 0 1 5 6  0 . 2 C 2 9  0 . 7 8 2 1 - 0 . 1 6 8 9  0 . 0  0 . 0 0 7 6 - 0 . 0 2 9 8  0 . 1 5 5 9
6  0 . 4 4 9 3  0 . 0 1 4 3  0 . 3 C 4 5  0 . 1 5 7 6 - C . 1 6 8 9  4 . 5 3 5 8  0 . 0  - 0 . 2 0 9 3 - 0 . 0 6 6 6  0 . 1 7 7 4
7 0 . 0  - 0 . 0 5 1 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5 1 3 0  0 . 0  0 . 0 2 0 8  0 . 0
U 0 . 0  - 0 . 0 0 3 9 - 0 . 0 1 1 9  0 . 0 4 1 6  0 . 0 0 7 6 - 0 . 2 0 9 3  0 . 0  0 . 5 2  2 2 - 0 . 0 3 5 7 - 0 . 0 6 6 5
9  0 . 0  0 . 1 2 2 7  0 . 0 0 5 6  0 . 0 0 2 4 - 0 . 0 2 9 8 - 0 . 0 6 6 6  0 . 0 2 0 8 - 0 . C 3 5 7  0 . 6 0 1 0  0 . 1 0 7 7
1 0  0 . 1 9 1 8 - 0 . 0 0 4 0  0 . 0 2 7 1 - 0 . 0 6 8 9  0 . 1 5 5 9  0 . 1 7 7 4  0 . 0  - 0 . 0 6 6 5  0 . 1 0 7 7  0 . 8 3 4 7
1 1  T H E  A *  * D C 0 2  S T R E T C H --------------
1 2  T H E  A "  D C 0 2  D E F O R M A T I O N  -
1 3  T H E  O U T - U F - P L A N E  WAG --------------
1 4  T H E  C U T - O F - P L A N E  C 0 3  WAG
1 5  T H E  T O R S I O N  ----------------------------------------
1 1  4 . 8 3 7 8 - 0 . 0 5 1 0  0 . 0  - 0 . 1 1 4 8 - 0 . 0 1 3 0
1 2  - 0 . 0 5 1 0  C . 5 1 3 0 - 0 . 1 1 3 1 - 0 . 0 2 0 8  0 . 0
1 3  0 . 0  - 0 . 1 1 3 1  1 . 0 5 0 0 - 0 . 0 7 0 7  0 . 0 3 0 0
1 4  - 0 . 1 1 4 8 - 0 . 0 2 0 8 - C . 0 7 0 7  0 . 4 2 9 5  0 . C 2 0 3
1 5  - 0 . 0 1 3 0  0 . 0  0 . 0 3 0 0  0 . 0 2 0 3  0 . 0 2 9 1
F MATRIX FOR THE MOLECULE CD3-C0H
I V - 211
I T H E A S Y M .  H C H 2  S T R E T C H  ------
2 T H E S Y M M E T R I C  C H 3  S T R E T C H
3 T H E C - Z  S T R E T C H --------------------------
4 T H E C = G  S T R E T C H  --------------------------
5 T H E H C H 2  D E F O R M A T I O N  ------------
6 T H E C H 3  U M B R E L L A  B E N D  ---------
7 T H E C - C  S T R E T C H  --------------------------
8 T H E I N - P L A N E  C H 3  R O C K  ---------
9 T H E S C I S S G R S  B E N D  --------------------
1 0 T H E C = C - 1 R O C K  -----------------------------
1 4 . 8 5 7 0 0 . 0 1 3 5 0 . 0 C . O 1 8 6 - 0 . 0 5 1 0 - 0 . 0 0 3 9 0 . 0 1 4 3 0 . 1 2 2 7 - - 0 . 0 0 2 3 - 0 . 0 0 4 0
2 0 . 0 1 3 5 5 . 0 7 6 3 0 . 0 - 0 . 0 5 4 7 O . C  - 0 . 0 1 1 9 0 . 3 0 4 5 0 . 0 0 5 6 0 . 0 1 5 6 0 . 0 2 7 1
3 0 .  0 0 . 0 4 . 3 9 1 1 0 . 4 8 1 8 0 . 0  0 . 0 0 . 4 4 9 3 0 . 0 0 . 1 1 8 5 0 . 1 9 1 8
4 0 .  0 1 8 6 - - 0 . 0 5 4 7 0 . 4 8 1 9 1 1 . 1 0 9 3 O . C  0 . 0 4 1 6 0 . 1 5 7 6 0 . 0 0 2 4 0 . 2 0 2 9 - - 0 . 0 6 8 9
5 - 0 . 0 5 1 0 0 . 0 0 . 0 0 . 0 0 . 5 1 3 0  0 . 0 0 . 0 0 . 0 2 0 8 0 . 0 0 . 0
o —0 . 0 0 3 9 - 0 . 0 1 1 9 0 . 0 0 . 0 4 1 6 0 . 0  0 . 5 2 2 2 - ■ 0 . 2 0 9 3 - 0 . 0 3 5 7 0 . 0 0 7 6 - 0 . 0 6 6 5
7 0 . 0  1 4 3 0 . 3 C 4 S 0 . 4 4 9 3 0 . 1 5 7 6 C . O  - 0 . 2 0 9 3 4 . 5 8 5 8 - 0 . 0 6 6 6 - - 0 . 1 6 8 9 0 . 1 7 7 4
0 0 .  1 2 2 7 0 . 0 0 5 6 0 . 0 0 . 0 0 2 4 0 . 0 2 0 8 - 0 . 0 3 5 7 - - 0 . 0 6 6 6 0 . 6 0 1 0 - 0 . C 2 9 8 0 . 1 0 7 7
9 - 0 . 0 0 2 3 0 . 0 1 5 6 0 . 1 1 8 5 0 . 2 0 2 9 0 . 0  0 . 0 0 7 6 - 0 . 1 6 8 9 - 0 . 0 2 9 8 0 . 7 8 2 1 0 . 1 5 5 9
1 0 - 0 . 0 0 4 0 0 . 0 2 7 1 0 . 1 9 1 8 - 0 . 0 6 8 9 0 . 0  - 0 . 0 6 6 5 0 . 1 7 7 4 0 . 1 0 7 7 0 . 1 5 5 9 0 . 8 3 4 7
1 1  T H E  A * '  H C H 2  S T R E T C H  ----------
1 2  T H E  A * '  H C H 2  D E F O R M A T I O N  -
1 3  T H E  O U T - O F - P L A N E  C H 3  WAG
1 4  T H E  C U T - O F - P L A N E  WAG --------------
15 THE TORSION ---------------
1 1  4 . 8 3 7 0 - 0 . C 5 1 0 - C . 1 1 4 8  0 . 0  - 0 . 0 1 3 0
1 2  - 0 . 0 5 1 0  C . 5 1 3 0 - 0 . 0 2 0 8 - 0 . 1 1 3 1  0 . 0
1 3  - 0 . 1 1 4 8 - 0 . 0 2 0 8  0 . 4 2 9 5 - 0 . 0 7 0 7  0 . 0 2 0 3
1 4  0 . 0  - 0 . 1 1 3 1 - 0 . 0 7 0 7  1 . 0 5 0 0  0 . 0 3 0 0
1 5  - 0 . 0 1 3 0  0 . 0  0 . 0 2 0 3  0 . 0 3 0 0  0 . 0 2 9 1
F MATRIX FOR THE MOLECULE CH3-C00
IV-212
1 T H E A S Y M .  D C C 2  S T R E T C H  *-------
2 T H E S Y M M E T R I C  C D 3  S T R E T C H
3 T H E C - Z  S T R E T C H  ----------------------------
4 T H E C = 0  S T R E T C H  ------- --------------------
5 T H E C - C  S T R E T C H  ----------------------------
6 T H E D C C 2  O E F Q R M A T I O N  -------------
7 T H E C 0 3  U M B R E L L A  B E N O  -----------
8 T H E S C I S S O R S  B E N D  --------------------
9 T H E I N - P L A N E  C D 3  R O C K  -----------
1 0 T H E 0 = C - Z  R O C K  -------------------------------
4 . 8 5 7 0  
0 . 0 1 3 5  
0.0 
0  .  0 1 8 6 '  
0 . 0 1 4 3  
- 0 . 0 5 1 0  
- 0 .  0 0 3 9  
- 0 . 0 0 2 3  
0 . 1 2 2 7
1 0  - 0 . 0 0 4 0
0 . 0 1 3 5
5 . 0 7 6 3
0.0
• 0 . 0 5 4  7  
0 . 3  0 4 5  
0.0
• 0 . 0 1 1 9
0 . 0 1 5 6
0 . 0 0 5 6
0 . 0 2 7 1
0 . 0  0 . 0 1 3 6
0 . 0  - 0 . 0 5 4 7
4 . 3 9 1 1  0 . 4 8 1 8  
0 . 4 8 1 3 1 1 . 1 0 9 3  
0 . 4 4 9 3  0 . 1 5 7 6
0.0
0.0








0 . 0 4 1 6 - 0 .  
0 . 2 0 2 9 - 0 .  
0 . 0 C 2 4 - 0 .
0 . 1 9 1 8 - 9 . 0 6 8 9  0 ,
0 1 4 3 - 0 . 0 5 1 0 -  
3 0 4 5  0 . 0  
4 4 9 3  0 . 0  
1 5 7 6  C . O  
5 8 5 8  0 . 0  
0  0 . 5 1 3 0
2 C 9 3  O . C  
1 6 8 9  0 . 0  
0 6 6 6  0 . 0 2 0 8 -  
1 7 7 4  0 . 0
■ 0 .  0 0 3 9 '  
■ 0 . 0 1 1 9  
0.0
0 . 0 4 1 6
■ 0 . 2 0 9 3
0.0
0 . 5 2 2 2
0 . 0 0 7 6
• 0 . 0 3 5 7
■ 0 . 0 6 6 5
• 0 . 0 0 2 3  0 .  
0 . 0 1 5 6  0 .  
0 . 1 1 8 5  0 ,  
0 . 2 0 2 9  0 ,  
■ 0 . 1 6 8 9 - 0 .  
0.0 0 . 
0 . 0 0 7 6 - 0 .  
0 . 7 8 2 1 - 0 .  
- 0 . 0 2 9 8  0 .  
0 . 1 5 5 9  0 .
1 2 2 7 -
0 0 5 6
0
0 0 2 4 -
0 6 6 6
0 2 0 8
0 3 5 7 -
0 2 9 8
6 0 1 0
1 0 7 7
0 . 0 0 4 0
0 . 0 2 7 1
0 . 1 9 1 8
0 . 0 6 8 9
0 . 1 7 7 4
0.0
0 . C 6 6 5
0 . 1 5 5 9
0 . 1 0 7 7
0 . 8 3 4 7
1 1 T H E A * • U C D 2  S T R E T C H  -------------
1 2 T H E A * 1 D C 0 2  D E F O R M A T I O N  -
1 3 T H E O U T - O F - P L A N E  M A G  -------------
1 4 T H E O U T - O F - P L A N E  C D 3  WAG
1 5 T H E T O R S I O N  ----------------------------------------
1 1  4 . 8 3 7 8 - 0 . 0 5 1 0  0 . 0  - 0 . 1 1 4 8 - 0 . 0 1 3 0
1 2  - 0 . 0 5 1 0  0 . 5 1 3 0 - 0 . 1 1 3 1 - 0 . 0 2 0 8  0 . 0
1 3  0 . 0  - 0 . 1 1 3 1  1 . 0 5 0 C - 0 . 0 7 0 7  0 . 0 3 0 0
1 4  - 0 . 1 1 4 8 - 0 . 0 2 0 8 - 0 . 0 7 0 7  0 . 4 2 9 5  0 . 0 2 0 3
1 5  - 0 . 0 1 3 0  0 . 0  0 . 0 3 0 0  0 . 0 2 0 3  0 . 0 2 9 1
F MATRIX FOR THE MOLECULE CD3-C00
IV-21 3
1 T H E A S Y M .  H C H 2  S T R E T C H  --------
2 T H E S Y M M E T R I C  C H 3  S T R E T C H
3 T H E C = C  S T R E T C H  ----------------------------
4 T H E H C H 2  D E F O R M A T I O N  --------------
5 T H E C H 3  U M B R E L L A  B E N D  -----------
6 T H E C - Z  S T R E T C H  ----------------------------
7 T H E I N - P L A N E  C H 3  R O C K  -----------
a T H E C - C  S T R E T C H  ----------------------------
9 T H E S C I S S O R S  B E N D  -------------------
1 0 T H E Q = C - Z  K O C K  -------------------------------
1 4 .  9 7 1 5 - 0 . 1 6 2 7  0 . 0  - 0  . 0 3 3 9 - 0  .  0 C 9 1 - 0  . 0 0 7 7  0 . 2 0 5 9 - 0 . 0 C 5 5  0 . 0 0 4 1 - 0 . 0 0 7 2
2  - 0 . 1 6 2 7  5 . 1 5 0 4  0 . 0  0 . 0 3 4 9 - 0 . 1 1 7 4  0 . 0 1 0 8 - 0 . 0 0 4 7  0 . 5 4 9 1 - 0 . C 0 5 8  0 . 0 1 0 1
3  0 . 0  0 . 0  1 3 . 1 6 4 8  O . C  0 . 0  0 . 9 0 0 3  0 . 0  0 . 2 8 7 1  0 . 3 7 3 4 - 0 . 1 0 8 2
4  - 0 . 0 3 3 9  0 . 0 3 4 9  0 . 0  0 . 5 1 2 2 - 0 . 0 4 5 9  0 . 0  - 0 . 0 3 7 5  0 . 1 6 3 3  0 . 0  0 . 0
5  - 0 . 0 0 9 1 - 0 . 1 1 7 4  0 . 0  - 0 . 0 4 5 9  0 . 5 9 9 6 - 0 . 0 1 2 4 - 0 . 0 2 3 2 - 0 . 2 6 6 3 - 0 . 0 4 3  7 - 0 . 0 6 8 6
6  - U , 0 0 7 7  0 . 0 1 C 8  0 . 9 0 0 3  0 . 0  - 0 . 0 1 2 4  4 . 8 2 3 2 - 0 . 0 1 2 4  0 . 4 2 7 6  0 . 2 9 7 2  0 . 3 0 0 1
7  0 .  2  C 5 9 - 0 . 0 0 4 7  0 . 0  - 0 . 0 3 7 5 - 0 . C 2 3 2 - 0 . 0 1 2 4  0 . 6 9 6 7 - 0 . 0 2 2 5  0 . 1 1 2 3  0 . 0 9 4 2
d - 0 . 0 0 5 5  0 . 5 4 9 1  0 . 2 8 7 1  0 . 1 6 3 3 - 0 . 2 6 6 3  0 . 4 2 7 6 - 0 . 0 2 2  5  4 . 9 2 1 8 - 0 . 3 5 0 9  0 . 0 8 0 2  
9  0 . 0 0 4 1 - 0 . 0 0 5 8  0 . 3 7 3 4  0 . 0  - 0 . 0 4 3 7  0 . 2 9 7 2  0 . 1 1 2 3 - 0 . 3 5 0 9  1 . 2 4 0 8 - 0 . 2 9 0 9
1 0  - 0 . 0 0 7 2  0 . 0 1 0 1 - 0 . 1 0 8 2  0 . 0  - 0 . 0 6 8 6  0 . 3 0 0 1  0 . 0 9 4 2  0 . 0 8 0 2 - 0 . 2 9 0 9  0 . 9 5 1 5
1 1 T H E A » *  H C H 2  S T R E T C H -----
1 2 T H E A "  H C H 2  D E F O R M A T I O N  -
1 3 T H E D U T - O F - P L A N E  C H 3 WAG
1 4 T H E O U T - U F - P L A N E  WAG -----
1 5 T H E T O R S I C N -------------------■— -----
1 1  4 . 8 C 8 5  0 . 0 9 0 7 - 0 . 2 1 2 6  0 . 0  - 0 . 0 0 4 5
1 2  0 . 0 9 0 7  C . 4 9 9 6 - 0 . 0 3 9 3 - 0 . 0 9 1 9  0 . 0
1 3  - 0 . 2 1 2 6 - 0 . 0 3 9 3  0 . 5 9 6 0  0 . 1 9 0 9  0 . 0 1 9 3
1 4  0 . 0  - 0 . 0 9 1 9  0 . 1 9 0 9  0 . 5 7 0 0  0 . 2 0 0 0
1 5  - 0 . 0 0 4 5  O . C  0 . 0 1 9 3  0 . 2 0 0 0  0 . 1 0 8 5
F MATRIX FOR THE MOLECULE CH3-C0F
IV—2114-
1 THE ASVM. DC02 STRETCH --
2 THE SYMMETRIC CD3 STRETCH
3 THE C=C STRETCH ---------
4 THE C-Z STRETCH ---------
5 THE CD3 UMBRELLA BEND ---
6 THE CC02 DEFORMATION ----
7 THE IN-PLANE C03 ROCK ---
8 THE C-C STRETCH ---------
9 THE SCISSORS BEND ------
10 THE 0=C-2 ROCK ----------
1 4.9715-0.1627 0.0 -0.0077-0.0091-0.0339 0.2059-0.0055 0.0041-0.0072
2 -0.1627 5.1584 0.0 0.C10d-0.1174 0.0349-0.0047 0.5491-0.0058 0.0101
3 0.0 O.C 13.1643 0.9C03 0.0 0.0 0.0 0.2871 0.3734-0.1082
4 -0.0077 0.0108 0.9003 4.8232-0.0124 0.0 -0.0124 0.4276 0.2972 0.3001
5 -0.0C91-0.1174 0.0 -0.0124 0.5556-0.0459-0.0232-0.2663-0.0437-0.0686
b -U,0339 0.0349 0.0 0.0 -0.0459 0.5122-0.0375 0.1633 0.0 0.0
1 0.2059-0.0047 0.0 -0.0124-0.0232-0.0375 C.6967-0.0225 0.1123 0.0942
8 -0,0055 0.5491 0.2871 0.4276-0.2663 C.1633-0.0225 4.9216-0.3509 0.0802
9 0.0041-0.005B 0.3734 0.2972-0.0437 0.0 0.1123-0.3509 I.24C8-0.2909
10 -0.0072 0.0101-0.1082 0.3001-0.0686 0.0 0.0942 0.0802-0.2909 0.9515
11 THE A* * DCD2 STRETCH----
12 THE A" CCD2 DEFORMATION -
13 THE CUT-OF-PLANE CD3 HAG
14 THE OUT-OF-PLANE HAG ----
15 THE TORSION ------------
11 4.8085 0.0907-0.2126 0.0 -0.0045
12 0.0907 0.4996-C.0393-0.0919 0.0
13 -0.2126-0.0393 0.5960 0.1909 0.0193
14 O.C -0.0919 0.1909 0.5700 0.2000
15 -0.0045 0.0 0.0193 0.2000 0.1085
F MATRIX FOR THE MOLECULE C03-C0F
IV- 21 £
1 T H E  A S Y M .  H C H 2  S T R E T C H  --------
2  T H E  S Y M M E T R I C  C H 3  S T R E T C H
3  T H E  C = 0  S T R E T C H ----------------- -----------
4  T H E  H C H 2  D E F O R M A T I O N  --------—
5 T H E  C H 3  U M B R E L L A  B E N D  -----------
6  T H E  I N - P L A N E  C H 3  R O C K  -----------
7  T H E  C - C  S T R E T C H  -----------------------------
8  T H E  C - Z  S T R E T C H  ----------------------------
9  T H E  S C I S S O R S  B E N D  --------------------
1 0  T H E  0 = C - Z  R O C K  -------------------------------
1 4.8650 0.0133-0.0030-0.01B7 0.0733 0.0055-0.0227-0.0201 0.0104-0.0170
2 0.0133 4.9528 0.0093-0.0323 0.0127-0.1229 0.4838 0.0284-0.0167 0.0205
3 -0.0C30 0.009312.6401 O.C -0.0C72-0.0004 0.1843 0.6557 0.2908-0.070,4
4 -0.0187-0.0323 0.0 0.5025-0.C532 0.0352 0.0408 0.0 0.0 0.0
5 0.0733 0.0127-0.C072-0.0532 C.5540 0.0451-0.3639-0.0392-0.0055-0.1207
6 0.0055-0.1229-0.00C4 0.0352 0.0451 0.6718-0.1902-0.0392 0.0895 0.1131
7 -0.0227 0.4838 0.1843 C.0408-0.3639-0.1902 4.3047 0.2246-0.2406 0.1104 
b -0.0201 0.0284 0.6557 0.0 -0.0392-0.0392 0.2246 3.3751 0.3864 0.2167
9 0.0104-0.0167 0.2908 C.O -0.0055 0.0895-0.2406 0.3864 0.9533-0.1765
10 -0.0170 0.0205-0.0704 0.0 -0.1207 0.1131 0.1104 0.2167-0.1765 0.8430
1 1 T H E A * • H C H 2  S T R E T C H -----
1 2 T H E A "  H C H 2  O E F Q R M A T I O N  -





O U T - O F - P L A N E  WAG  
T O R S I O N  ------------------------
11 4.7940 0.2684-0.1793 0.0 0.0051
12 0.2684 0.4822-0.0785-0.0566 0.0
13 -0.1793-0.0785 0.7254 0.0283-0.0557
14 0.0 -0.0566 C.0283 0.4800 0.0300
15 0.0051 0.0 -0.0557 0.0300 0.0460
F MATRIX FOR THE MOLECULE CH3-C0CL
IV-216
1 THE ASYM. UCD2 STRETCH — —
2 THE SYMMETRIC CD3 STRETCH
3 THE C=C STRETCH ---------
4 THE DCD2 DEFORMATION ----
5 THE CD3 UMBRELLA BEND ---
6 THE C-C STRETCH--- :-----
7 THE IN-PLANE CD3 ROCK ---
3 THE C-Z STRETCH ---------
9 THE SCISSORS BEND ------
10 THE 0=C-Z ROCK ----------
1 *.8650 0.0X33-0.0030-0.0187 0.0733-0.0227 0.0055-0.0201 0.0104-0.0170
2 0.0133 4.9528 0.0093-0.0323 0.0127 0.4B38-0.1229 0.0284-0.0167 0.0205
3 -0.0030 0.009312.6401 O.C -O.OC72 0.1843-0.0C04 0.6557 0.2SOB-O.0704
4 -0.0187-0.0323 0.0 0.5025-0.0532 0.0408 0.0352 0.0 0.0 0.0
5 0.0733 0.0127-0.0072-0.0532 0.5540-0.3639 0.0451-0.C392-0.0055-0.1207
6 -0.0227 0.4838 0.1843 0.0408-0.3639 4.3047-0.1902 0.2246-0.24C6 0.1104
7 U.0055-0.1229-0.0004 0.0352 0.0451-0.1902 0.6718-0.0392 0.0895 0.1131
8 -0.0201 0.0284 0.6557 0.0 -0.0392 0.2246-0.0392 3.3751 0.3864 0.2167
9 0.0104-0.0167 0.2908 0.0 -0.0055-0.2406 0.0895 0.3864 0.9533-0.1765
10 -0.0170 0.02 05-0.07C4 0.0 -0.1207 0.1104 0.1131 0.2167-0.1765 0.8430
11 THE A" 0C02 STRETCH — ------
12 THE A" DCD2 DEFORMATION -
13 THE □UT-OF-PLANE CD3 WAG
14 THE OUT-OF-RLANE HAG -----------
15 THE TORSION --------
11 4.7940 0.2684-0.1793 0.0 0.0051
12 0.2684 0.4822—0.C785-0.0566 0.0
13 -0.1793-0.0785 0.7254 0.0283-0.0557
14 0.0 -0.0566 C.0283 0.4800 0.0300
15 0.0051 0.0 -0.0557 0.0300 0.0460
F MATRIX FOR THE MOLECULE C03-C0CL
IV-217
1 THE ASYM. HCH2 STRETCH --
2 THE SYMMETRIC CH3 STRETCH
3 THE C=0 STRETCH ---------
4 THE HCH2 DEFORMATION ----
5 THE CH3 UMBRELLA 8EN0 ---
6 THE IN-PLANE CH3 ROCK ---
7 THE C-C STRETCH ---------
8 THE C-Z STRETCH ---------
9 THE SCISSORS BEND ------
10 THE 0=C-Z ROCK ----------
1 ‘♦.8910 0.0331-0.0030-0.0354 0.0723 0.0378-0.0205-0.0192 0.0097-0.0158
2 0.0331 4.9948 0.0093-0.0C87-0.0212-0.0978 0.4806 0.0272-0.0158 0.0188
3 -0.0030 0.009312.3247 0.0 -0.0072-0.0004 0.1843 0.2721 0.0963-0.0704
4 -0.03 54-0.0087 0.0 0.4758-0.0298-0.0081-0.1715 0.0 0.0 0.0
5 0.0723-0.0212-0.0072-0.0293 0.5901 0.0305-0.4161-0.0409 0.0289-0.1168
6 0. 037B-0.0978-0.0004-0.0C81 0.0305 0.6170-0.1485-0.0409 0.0239 0.0997
7 -0.0205 0.4806 0.1843-0.1715-0.4161-0.1485 4.3095 0.2675-0.2496 0.1259
8 -0.0192 0.0272 0.2721 0.0 -0.0409-0.0409 0.2675 3.0051 0.0436 0.2519
9 0.0097-0.0158 0.0963 0.0 0.0289 0.0239-0.2496 0.0436 0.7419-0.1711
10 -0.0158 0.0188-0.0704 0.0 -0.1168 0.0997 0.1259 0.2519-0.1711 0.8337
11 THE A" HCH2 STRETCH
12 THE A*• HCH2 OEFQRMATION







11 4.8120 0.2184-0.1761 0.0 0.0029
12 0.21B4 0.4822-0.0785-0.0424 0.0
13 -0.1761-0.0785 0.724 7-0.0141-0.05 89
14 0.0 -0.0424-0.0141 0.4300 0.0500
15 0.0C29 0.0 -0.0589 0.0500 0.0493
F MATRIX FUR THE MOLECULE CH3-CQ0R
IV-218
1 T H E A S Y M .  0 C D 2  S T R E T C H  --------
2 T H E S Y M M E T R I C  C D 3  S T R E T C H
3 T H E C = C  S T R E T C H  ----------------------------
4 T H E D C 0 2  D E F O R M A T I O N  --------------
5 T H E C D 3  U M B R E L L A  B E N D  -----------
6 T H E I N - P L A N E  C 0 3  R O C K  -----------
7 T H E C - C  S T R E T C H  ----------------------------
8 T H E C - Z  S T R E T C H  ----------------------------
9 T H E S C I S S O R S  8 E N 0  --------------------
1 0 T H E G = C - Z  R O C K  -------------------------------
1 *.8910 0.0331-0.0030-0.035* 0.0723 0.0378-0.0205-0.0192 0.0097-0.0158
2 0.0331 4.99*8' 0.0093-0.CC37-0.0212-0.0978 0.4806 0.0272-0.0158 0.0188
3 -C.0030 0.009312.3247 0.0 -0.0072-0.0004 0.1843 0.2721 0.0963-0.0704
4 -u.0354-0.0087 0.0 0.4 758-0.0298-0.0081-0.1715 0.0 0.0 0.0
5 0.0723-0.0212-0.0072-0.0298 C.59CI 0.0305-0.4161-0.0409 0.0289-0.1168
6 0.0378-0.0978-0.0304-0.0081 0.0305 0.6170-0.1485-0.0409 0.0239 0.0997
7 -0.02C5 0.4806 0.1843-0.1715-0.416l-C.1485 4.3095 0.2675-0.2496 0.1259
6 -0.0192 0.0272 0.2721 0.0 -C.0409-0.0409 0.2675 3.0C51 0.0436 0.2519
9 0.0097-0.0158 0.0963 0.0 0.0289 0.0239-0.2496 0.0436 0.7419-0.1711
Id -0.0158 0.0188-0.07C4 0.0 -0.1168 0.0997 0.1259 0.2519-0.1711 0.8337
1 1 T H E A "  D C D 2  S T R E T C H -------------
1 2 T H E A * • D C C 2  D E F O R M A T I O N  -
1 3 T H E O U T - O F - P L A N E  C D 3  H A G
1 4 T H E O U T - O F - P L A N E  H A G  --------------
1 5 THE T O R S I C N  ----------------------------------------
11 4.8120 0.2184-0.1761 0.0 0.0029
12 0.2184 0.4822-0.C785-0.0424 0.0
13 -0.1761-0.0785 0.7247-0.0141-0.0589
14 0.C -0.0424-0.0141 0.4300 0.0500
15 0.0029 0.0 -0.0589 0.0500 0.0493
F MATRIX FOR THE MOLECULE CD3-C0BR
IV-219
1 THE C-Z STRETCH ---------
2 THE C=0 STRETCH ---------
3 THE SCISSORS BEND ------
4 THE SYMMETRIC CF3 STRETCH
5 THE ASYM. FCF2 STRETCH --
6 THE C-C STRETCH---- - ---
7 THE CF3 UMBRELLA BEND---
8 THE FCF2 DEFORMATION----
9 THE 0=C-Z ROCK ----------
10 THE IN-PLANE CF3 ROCK ---
1 4.5148 0.0774-0.0321 0.0420-0.0297 0.1860-0.0425 0.0 0.1165-0.042 5
2 0.077412.3035 0.2184-0.C643 0.02 26-0.0088 0.0519 0.0 -0.2523 0.0095
3 -0.0321 0.2184 0.2376-0.0CC9 0.0147-0.3704 0.0180 0.0 -0.0594 0.0246
4 0.0420-0.0648-0.000912.5889-0.0911 2.2198 0.1201 0.1886 0.0727-0.0627
5 -0.0297 0.0226 0.0 147-0.0911 7.62C6 0.1319 0.0777-1.4791-0.0271 0.9107
6 0.1860-0.0888-0.3704 2.2198 0.1319 6.0832-1.9351-0.1225 0.2665-0.0287
7 -0.0425 0.C51S 0.0180 0.1201 0.0777-1.9351 1.7918-0.1483-0.0783-0.2529
8 0.0 0.0 0.0 0.1886-1.4791-0.1225-0.1483 1.8895 0.0 0.4166
9 0.1165-0.2523-0.0594 0.0727-0.0271 0.2665-0.0783 0.0 1.2076-0.0150
10 -0.0425 0.0095 0.0246-0.0627 0.9107-0.0287-0.2529 0.4166-0.0150 1.2922
11 THE A* * FCF2 STRETCH----
12 THE OUT-OF-PLANE WAG ----
13 THE A*• FCF2 DEFORMATION -
14 THE OUT-OF-PLANE CF3 WAG
15 THE TORSION -------------
11 7.1495 0.C -I.3458-1.2994-0.0430
12 0.0 0.7500 0.0 0.3536 0.17CO
13 -1.3458 0.0 1.5295-0.2799 0.0
14 -1.2994 0.3536-0.2799 2.5397 0.0970
15 -0.0430 0.17GC C.O 0.0970 0.0519
F MATRIX FOR THE MOLECULE CF3-C0H
ii
XV-220
1 THE C-I STRETCH ----------
2 THE C=0 STRETCH ----------
3 THE SYMMETRIC CF3 STRETCH
4 THE ASYM. FCF2 STRETCH ---
5 THE SCISSORS BENO -------
6 THE C-C STRETCH----------
7 THE CF3 UMBRELLA B E N D ----
8 THE FCF2 DEFURMATION -----
9 THE 0=C-Z ROCK -----------
10 THE IN-PLANE CF3 ROCK ----
1 5148 0•0774 0.0420-0.0297-0.0321 0.1860-0.0425 0i0 0.1165-0.0425
2 0. 077412.303 5-0.Ob48 0.0226 0.2184-0.0888 0.0519 0.0 -0.2523 0.0095
3 0.0420-0.064012.5889-0.0911-0.0C09 2.2198 0.1201 0.1886 0.0727-0.0627
4 -0.0297 0.0226-0.0911 7.62C6 0.0147 0.1319 0.0777-1.4791-0.0271 0.9107
D -0.0321 0.2184-0.0009 0.0147 0.2 376-0.3704 0.0180 0.0 -0.0594 0.0246
b 0.1860-0.0888 2.2198 0 .1319-0.37C4 6.0832-1.9351-0.12 25 0.2665-0.0287
7 -0.0425 0.0519 0.1201 0.0777 0.0180-1.9351 1.7918-0.1483-0.0783-0.2529
8 U.O 0.0 0.1886-1.4791 0.0 -0.122 5-0.1483 1.8895 0.0 0.4166
9 0.1165-0.2523 0.0727-0.0271-0.0594 C.2665-0.0783 0.0 1.2076-0.0150
10 -0.0425 0.0095-0.0627 C.9107 0.0246-0.0287-0.2529 0.4166-0.0150 1.2922
11 THE A** FCF2 STRETCH -----
12 THE OUT-OF-PLANE HAG -----
13 THE A*• FCF2 DEFORMATION -
14 THE CUT-OF-PLANE CF3 HAG
15 THE TOHSICN --------------
11 7.1495 O.C -1.3458-1.2994-0.0430
12 0.0 C.7500 C.G 0.3536 0.1700
13 -1.3458 0.0 1.5295-0.2799 0.0
14 -1.2994 0.3536-C.2799 2.5397 0.0970
15 -0*0430 C.1700 O.C 0.0970 0.0519
F MATRIX FOR THE MOLECULE CF3-C00
IV-221
1 THE C = C STRETCH----------
2 THE SYMMETRIC CF3 STRETCH
3 THE ASYM. FCF2 STRETCH ---
* THE C-Z STRETCH ----------
5 THE C-C STRETCH ----------
6 THE SCISSORS BEND -------
7 THE CF3 UMBRELLA BENO ----
8 THE FCF2 DEFORMATION -----
9 THE O-C-Z ROCK -----------
10 THE IN-PLANE CF3 ROCK ----
1 13.9627 0.3*36-0.1057 0.7668 0.9336 0.2*30-0.2 760 0.0 -0.3166-0.0370
2 0.3*3612.2289-0.2957-0.03*9 1.52 36-0.0763 0.*221 0.3937-0.19*9-0.2370
3 -0.1057-0.2957 7.0082 0.02*7 0.0959-0.0195-0.1606-1.3786 0.0107 0.75*2 
* 0.7668-0.03*9 0.02*7 *.5062 0.056* 0.8130 0.0*71 0.0 0.26*9 0.0*71
5 0.9336 1.5236 0.0959 0.056* 5.7C67-0.*9*5-I.2*8*-0.0*08-0.*906 0.2278
6 0.2*30-0.0763-0.0195 0.8130-0.*9*5 1.0703 0.0207 0.0 0.3787-0.0529
7 -0.2760 0.*221-0.1666 0.0*71-1.2*8* 0.0207 1.6756-0.0039 0,2277-0.1113
8 0.0 0.3937-1.3786 0.0 -0.0*08 0.0 -0.0039 2.9201 0.0 0.*760
9 -0.3166-0.19*9 0.0107 0.26*9-0.*506 0.3787 0.2277 0.0 1.3726-0.1596 
10 -0.0370-0.2370 0.75*2 0.0*71 0.22 78-0.0529-0.1113 0.*760-0.1596 1.A895
11 THE A** FCF2 STRETCH -----
12 THE A "  FCF2 DEFORMAT 1 UN -
13 THE OUT-UF-PLANE WAG -----
1* THE CUT-OF-PLANE CF3 WAG
15 THE TORSION - ‘
11 6.8752-1.0502 C.O 0.9*9* 0.106*
12 -1.0502 1.60*5-0.0707 0.2527 0.0
13 O.C -0.0707 G.1600 0.339* 0.1000
1* 0.9*9* 0.2527 C.339* 1.6135 0.2210
15 0.106* 0.0 0.1000 0.2210 0.1677
F MATRIX FOR THE MOLECULE CF3-CQF
1 THE C=0 STRETCH ----------
2 THE SYMMETRIC CF3 STRETCH
3 THE ASYM. FCF2 STRETCH - —
4 THE C-C STRETCH ----------
5 THE C-Z STRETCH ----------
6 THE FCF2 DEFORMATION -----
7 THE CF3 UMBRELLA BEND ----
8 THE SCISSORS BEND -------
9 THE 0=C-Z R O C K ------*----
10 THE IN-PLANE CF3 ROCK ----
1 13.2060 0.2213-0.0701 0.6876 0.7172 0.0 -0.1780 0.3529 0.5299-0.0258
2 0.221311.8827-0.2404 1.3693 0.0 0.2962 0.3 690-0.0647 0.1121-0.0831
3 -G.0701-0.2404 0.8511 0.C847 0.0 -1.3511-0.0960-0.0020 0.0035 0.6621
4 0.6876 1.3693 0.0047 5.4762 0.1376 0.0 -1.4017-0.5386 0.2528 0.1123
5 0.7172 0.0 0.0 0.1376 3.9451 0.0 0.0 0.7221-0.4585 0.0
6 0.0 0.2962-1.3511 0.0 0.0 2.3969-0.1628 0.0 0.0 0.4427
7 -u.1780 0.3690-0.0960-1.4017 0.0 -0.1628 1.5921 0.0703-0.1218-0.0777
8 0.3529-0.0647-0.0020-0.5386 0.7221 0.0 0.0703 0.7731-0.1719-0.0826
9 0.5299 0.1121 0.0035 0.2 528-0.4585 0.0 -0.1218-0.1719 1.5757 0.1431
10 -0.0258-0.0831 0.6621 0.1123 0.0 0.4427-0.0777-0.0826 0.1431 1.2866
11 THE A "  FCF2 STRETCH-----
12 THE A'* FCF2 DEFORMATION -
13 THE OUT-OF-PLANE WAG -----
14 THE CUT-OF-PLANE CF3 HAG
15 THE TORSION ---------------
11 6.6169-1.1416 0.0 -0.7796 0.0602
12 -1.1416 1.5323-0.0283-0.3527 0.0
13 0.0 -0.0283 0.1550-0.3536 0.0900
14 -0.7796-C.3527-0.3536 1.5112-0.0973
15 0.0602 0.0 C.0900-0.0973 0.1975
F MATRIX FOR THE MOLECULE CF3-COCL
IV-223
ii., I j  M atrix
Tile L matrix is  the transformation matrix from normal 
coordinate space to symmetry coordinate space. Above each 
symmetry block are the symmetry coordinate labels fo r the 
rows. k’ach column corresponds to a given normal coordi­
nate.
IV-22lj.
1 THE ASYM. HCH2 STRETCH ---
2 THE SYMMETRIC CH3 STRETCH
3 THE C-Z STRETCH ----------
A THE C=0 STRETCH ----------
5 THE HCH2 DEFORMATION -----
6 THE CH3 UMBRELLA BENO ----
7 THE SCISSORS BEND -------
8 THE IN-PLANE CH3 ROCK ----
9 THE C-C STRETCH-------- —
10 THE 0=C-Z ROCK -----------
1 It 0 A 69- 0 . 0 7 3 9 0.0171-0.0026-0.CC89-0.0099 0.0026 0.0003 0.0082-0.0088
2 0.0702 1.007C 0.0536-C.C10C-0.0056 0.0075 0.0151-0.0119-0.0033 0.0000
3 -0.0205-0.0536 1.0367-0.C128 0.0105-0.0167-0.0116-0.02 59-0.0186 0.0058 
6 -0.0001-0.0018-0.0602-0.3526-0.0682 0.1051-0.0337 0.0050 0.0523 0.0163
5 0.1676-0.0097-0.0053-0.0990 1.3761 0.6863 0.0709-0.1865 0.2278-0.0631
6 -0.0065-0.1322 0.0170 0.1276-0.2875 0.7370 1.1895-0.0626-0.2020-0.0561
7 0.0111 0.0126-0.0528 C.5552-C.1717 0.8362-0.6367 0.2676-0.1626-0.0968
8 -0.0988 0.0130-0.0662-0.2979 0.3760 0.0386 0.0161 0.52 93-0.6 735 0.2001
9 -0.0026-0.065C-0.0251 0.1867-C.01C6 0.0899 0.1086 0.2810 0.1627 C.0672 
1U -0.0925 O.CIOO-O.1065-0.6562 0.0273-0.3827 0.3015 0.3179 0.C699-0.3578
11 THE A "  HCH2 STRETCH -----
12 THE A "  HCH2 DEFORMATION -
13 THE OUT-OF-PLANE CH3 WAG
16 THE OUT-OF-PLANE WAG ----
15 THE TORSION --------- -----
11 1.0697-0.01C6 0.0160 0.0058 0.00C8
12 0.1657 1.6678 0.2756-0.0727-0.0052
13 0.0932-0.3633 C.9085 0.2258-0.0391
16 0.0312-0.C656 0.2616-0.5331-0.0118
15 0.0030 0.0306-0.0369 0.3696 0.6813
L MATRIX FOR THE MOLECULE CH3-C0H
IV-225
1 THE C-Z STRETCH ----------
2 THE ASYM. DCD2 STRETCH ---
3 THE SYMMETRIC CD3 STRETCH
4 THE C=C STRETCH ----------
5 THE SCISSORS B E N D -------
6 THE C-C STRETCH ----------
7 THE CCD2 DEFORMATION -----
a THE CD3 UMBRELLA BEND ----
9 THE IN-PLANE C03 ROCK ----
10 THE □=C-Z ROCK -----------
1 1.0362-0.0070 0.0186 C.C11C-0.0098-0.0322 0.0026 0.0117-0.0090 0.0056
* -0.0050-0.7775-0.0083 0.0247-0.0181 0.0C86-0.0211-0.0144-0.0043-0.0086
3 -0.0124-0.0076 0.7248 0.CC37-0. 0009 0.0290 0.0025 0.Cl84-0.0009 0.0003
4 —O.0399 0.0090-0.0038 0.3582 0.1141 0.0335-0.0039 0.0098 0.0390 0.0107
5 -0.0541-0.0367 0.0090-0.5507 1.0783-0.0156-0.0149-0.2161-0.1199-0.0687 
o -J.0218-0.0017-0.0779-0.Id40 0.0403 0.3100 0.0154-0.1229 0.1009 0.0548
7 -C.0049-0.2109-0.0024 O.CC78 0.0174-0.0822 1.07C8-C.0074 0.1228-0.0778
8 0.0211-0.0045-0.1978-0.0776 0.0631 0.8336 0.0978 0.6289-0.3146-0.0676
9 -O.C588 0.1589 0.0036 C.2C30-0.0C48 0.0959 0.1786-0.3686-0.5395 0.2452
lu -0.1038 0.1554-0.0055 0.4436-0.4672 0.2570-0.0705-0.2883-0.0617-0.3006
11 THE A "  DC02 STRETCH-----
12 THE A* * DCD2 DEFORMATION -
13 THE OUT-OF-PLANE HAG -----
14 THE OUT-OF-PLANE CD3 HAG
15 THE TORSION ---------------
11 0.7785-0.0180-0.0039 0.0057 0.0006
12 0.2057 1.0488 0.2607 0.0964-0.0045
13 0.0443-0.1003 0.5692-0.0984-0.0092
14 0.1398-0.2234 0.2746 0.6725-0.0334
15 0.0044 0.0667-0.3071 0.1854 0.5442
L MATRIX FOR THE MOLECULE CD3-C0H
IV-226
1 THE ASTM. HCH2 STRETCH —
2 THE SYMMETRIC CH3 STRETCH
3 THE C-Z STRETCH ----------
4 THE C*0 STRETCH ----------
5 THE HCH2 DEFORMATION ----
6 THE CH3 UMBRELLA BEND ---
7 THE C-C STRETCH ----------
8 THE IN-PLANE CH3 ROCK ---
9 THE SCISSORS BEND -------





































































































0 . 0 0 8 9
0.0001
0 . 0 0 2 3
0 . 0 1 5 9
0 . 0 6 3 1
0 . 0 5 2 4
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11 THE A "  HCH2 STRETCH-----
12 THE A*• HCH2 DEFORMATION -
13 THE CUT-OF-PLANE CH3 WAG
14 THE OUT-OF-PLANE WAG -----
15 THE TORSION-------------- 1
1.0497-0.0107 0.0147-0.0033 0.0008 
0.1457 1.47C3 0.2613 0.0755-0.0055 
0.0932-0.3636 0.9301-0.1059-0.0369 
0.0308-C.0275 0.1667 0.4665-0.0153 
0.0034 0.0126 C.0181-0.1833 0.6539
L MATRIX FOR THE MOLECULE CH3-C0D
IV-227
1 THE ASYM. 0C02 STRETCH ---
2 THE SYMMETRIC C03 STRETCH
3 THE C-Z STRETCH ----------
4 THE C=0 STRETCH ----------
5 THE C-C STRETCH ----------
6 THE 0CC2 DEFORMATION -----
7 THE CD3 UMQRELLA CiEND----
8 THE SCISSORS BEND -------
9 THE IN-PLANE CD3 ROCK ----
10 THE 0=C-Z ROCK -----------
1 -0.7779-0.0065 0.0085 0.0164 0.C005-0.0187-0.0127-0.0171-0.0031 0.0087
2 -0.0072 0.7176-0.1026 0.0046 0.0255-0.0138 0.0139 0.0120-0.0004-0.0007
3 -0.0049-0.1066-0.7451 0.1138-0.CO90 0.0099-0.0C41-C.0068-0.C093-0.0033
4 U.0C7B 0.011C 0.1054 0.3570 0.0676 0.0208-0.0208 0.0194 0.0350-0.0105
5 -0.0CG9-0.0739 0.0283-0.1942 0.2976-0.0217 0.0309-0.1369 0.1064-0.0516
6 -0.2108-0.0012 0.0067 0.0079-0.0507 C.7148 0.8013 0.0099 0.1149 0.0777
7 -0.0043-0.2002-0.0011-0.0755 0.7428-0.4157 0.4492 0.4 301-0.3032 0.0636
8 -0.0130 0.0119 0.04 71-C.3680 0.45bd 0.5766-0.4631 0.0463-0.1969 0.0535
9 0.1576 0.0207 0.1156 0.1805 0.0445 0.0868 0.1513-0.4263-0.5030-0.2445
10 0.1414 0.0258 0.1909 0.3C66 0.OC95-0.28C0 0.1171-0.4016-0.0209 0.3058
11 THE A'* DCD2 STRETCH -----
12 THE A "  DCC2 DEFORMATION -
13 THE OUT-OF-PLANE WAG -----
14 THE CUT-OF-PLANE CD3 WAG
15 THE TORS I C N ------- — -----
11 0.7785-0.0184-C.0005-0.0055 0.0006
12 0.2057 1.0611-0.2256-0.0164-0.0045
13 0.0435-0.0506-0.4083 0.2 756-0.0116
14 0.1398-C.2187-0.5614-0.4633-0.0303
15 0.0052 0.0242 0.0931-0.1733 0.5129
L MATRIX FOR THE MOLECULE CD3-C00
IV-228
1 THE ASYM. HCH2 STRETCH ---
2 THE SYMMETRIC CH3 STRETCH
3 THE C=C STRETCH -------
4 THE HCH2 DEFORMATION -----
5 THE CH3 UMBRELLA BEND ----
6 THE C-Z STRETCH ----------
7 THE IN-PLANE CH3 ROCK ----
8 THE C-C STRETCH ----------
9 THE SCISSORS BEND -------
10 THE 0=C-Z RCCK ------------
1 0.9153 0.5137 0.0006-0.0234-0.0146 0.0092 0.0157-0.0046 0.0014 0.0094
2 -0.4935 0.8788 0.0177-0.0494 0.0175 0.0143-0.0191-0.0106-0.0059 0.0007
3 0.0025-0.0059 0.3750-0.0C80 C.0301 0.0134 0.0531 0.0334-0.0C54-0.0099
4 0.1364 0.1016-0.0600 0.9629 1.0278 0.4747-0.0644-0.0918-0.0066 0.0366
5 0.0751-0.1503-0.0731-1.0168 0.9619-0.0844-0.1307-0.0741-0.0677 0.0518
t> 0.0005-0.0029-0. 1235-0.0537-C.0475 0.2225-0.1225 0.2255-0.0055 0.0135
7 -0.0748-0.0359 0.2301 0.3161 0.2168-0.5578-0.6 729 0.1586 0.0285-0.13 70
8 0.0189-0.035C-0.1794-0.0327 0.1486-0.2282 0.1935 0.1261 0.0657-0.0033
9 -0.0048 0.0136-0.1987 0.0974 0.0611-0.3353 0.2127 0.0322-0.3545 0.1157 
10 -0.0750-0.0428 0.2959 0.0280 0.0C08-0.2628-0.0177-0.0940 0.0585 0.3294
11 THE A** HCH2 STRETCH -----
12 THE A "  HCH2 DEFORMATION -
13 THE OUT-CF-PLANE CH3 WAG
14 THE OUT-OF-PLANE WAG -----
15 THE TORSION ---------------
11 1.0480-0.0745 0.0011-0.0171 0.0035
12 0.2364 1.3754 C.5882 0.0071-0.0357
13 0.0636-0.5269 0.7495-0.3876 0.0532
14 0.0538-0.1407 0.4185 0.4616-0.2139
15 0.C146-C.0204 0.1291 0.2638 0.5095
L MATRIX FOR THE MOLECULE CH3-C0F
IV-229
1 THE ASYM■ DC02 STRETCH ---
2 THE SYMMETRIC C03 STRETCH
3 THE C=0 STRETCH ----------
4 THE C-Z STRETCH ----------
5 THE C03 UMBRELLA BEND ----
6 THE DCC2 DEFORMATION-----
7 THE IN-PLANE C03 ROCK ----
8 THE C-C STRETCH ----------
9 THE SCISSORS BEND -------
10 THE Q*C-Z RCCK -----------
1 -0.7537 0.1931 0.0258-0.0C42 0.0100-0.0293 0.0042-0.0014 0.0030-0.0106
2 0.1797 0.6984 0.0221 0.0058 0.0541-0.0033-0.0173-0.0042-0.0064-C.0006 
J 0.0083-0.0150 0.3759 C.C267 0.0262 0.0267 0.0452 0.0081-0.0013 0.0079 
4 -0.0045-0.0008-0.1223-0.2378 0.134L 0.0800 0.0396 0.1961 0.0026-0.0062 
5-0.0497-0.2124-0.0677 0.4605 0.9C07 0.0533-0.3082-0.0612-0.1480-0.0490
6 -0.2169 0.0726-0.0269 0.1562-0.23 72 1.0109-0.2 504-0.0329-0.0125-0.0468
7 C. 1437-0.0346 0.1867 0.2562-0.2415-0.0969-0.4603 0.4086 0.C075 0.1634
8 -0.0193-0.0611-0.1808 0.3191 0.0623-0.0073 0.1249 0.0572 0.0726 0.0027
9 -0.0026 0.0195-0.2011 C.3548-0.1818-0.0677 0.1782 0.0469-0.3199-0.0999 
10 0.1281-0.0368 0.2869 0.2137-0.1290-0.1832-0.1191 0.0272 0.C403-0.2906
11 THE A "  DCD2 STRETCH-----
12 THE A "  DCD2 DEFORMATION -
13 THE CUT-OF-PLANE CD3 WAG
14 THE OUT-OF-PLANE WAG -----
15 THE TORSION ---------------
11 0.7777-C.0480-0.0340-0.0142 0.0026
12 0.2686 0.8C81 0.7191-0.C055-0.0266
13 0.1266-0.4912 0.4154-0.3905 0.C391
14 0.0818-0.3221 0.4345 0.3637-0.1582
15 0.0212-0.C629 0.1154 0.1620 0.3829
L PATHIX FOR THE MOLECULE C03-COF
XV-230
1 THE ASYM. HCH2 STRETCH ---
2 THE SYMMETRIC CH3 STRETCH
3 THE C=0 STRETCH ----------
4 THE HCH2 DEFORMATION -----
5 THE CH3 UMBRELLA BEND ----
6 THE IN-PLANE CH3 ROCK ----
7 THE C-C STRETCH ----------
8 THE C-Z STRETCH ----------
9 THE SCISSORS BEND -------
10 THE 0=C-Z ROCK -----------
1 1.0481-0.0456, 0.0132 0.0C52-0.C256-0.0199-0.0124 0.0029 0.0016 0.0028
2 0.0435 1.0092 0.0268 0.0187 0.0145 0.0013-0.0296-0.0008-0.0002-0.0036
3 -0.0041-0.0074 0.3752-0.0302-0.0107 0.0187 0.0577 0.0172-0.0002-0.0066
4 0.1519-0.0355 0.0721 1.2698 0.6305 0.4247 0.2061-0.0638-0.0156 0.0469
5 0.0321-0.1095-0.0357-0.6715 1.2809 0.0102 0.1298-0.C580-0.0422 0.0731
6 -0.1283-0.0265 0.2770 0.3909 0.2847-0.6410-0.4778 0.1992 0.0831-0.1017
7 0. 0020-0.0382-0.1678-0.0132 0.IC35-0.2104 0.2741 0.0753 0.0326 0.0016
8 0.0030 0.0002-0.1154-0.0261 0.0010 0.1797-0.1127 0.2264-0.0C96 0.0348
9 -0.0004 0.0088-0.1407 0.0628-0.CC28-0.2814 0.2060-0.C778-0.3372-0.0119 
10 -0.0956-0.0006 0.2647-0.0070-0.0192-0.3030 0.0228-0.1664-0.0730 0.2695
11 THE A "  HCH2 STRETCH ----
12 THE A*' HCH2 DEFORMATION -








12 0.3247 1.3368 0.5959 0.1454-0.0000
13 0.0541-0.5991 0.8046 0.1111-0.0459
14 -0.0592 0.0271-0.2924 0.5536 0.0508
15 -0.0108 0.0132-0.0858 0.1561-0.5649
L MATRIX FOR THE MOLECULE CH3-C0CL
IV-231
1 THE ASYM. 0C02 STRETCH ---
2 THE SYMMETRIC CD3 STRETCH
3 THE C=0 STRETCH ----------
4 THE CCD2 DEFORMATION — -—
5 THE C03 UMBRELLA BEND ----
6 THE C-C STRETCH ----------
7 THE IN-PLANE CD3 ROCK ----
8 THE C-Z STRETCH ----------
9 THE SCISSORS BEND -------
10 THE C=C-Z ROCK -----------
1 0. 7762-0.0159.0.0401-0.OC62-0.C020-0.0357-0.0244 0.0083 0.0033 0.0031
2 0.0132 0.7243 0.0350 0.0031-0.0C68 0.0174-0.0199 0.0023 0.00L0-0.0035
3 -0.0181-0.0168 0.3769 0.0248-0.0045 0.0019 0.0490 0.010b 0.0006-0.0053
4 0.2155-0.0211 0.0128-0.48B2-0.5835 0.7528 0.1585-0.0669-0.0197 0.0589
5 0.0271-0.1686-0.0506 0.9482-C.1188 0.5272-0.1452-0.0823-0.074C 0.0675
6 0.0086-0.0590-0.1712 0.2105-0.2457-0.0775 0.1355 0.0579 0.0375-0.0001
7 -0.1830-0.0245 0.1951-0.0544-0.3943-0.C540-0.5390 C.2291 0.0975-0.1225
8 0.0102 0.0037-0.1133-0.0387 0.1881 0.1347 0.0080 0.2071 0.OC71 0.0228
9 0.0013 0.0114-0.1443 0.0586-C.2933-0.2107 0.0674-0.0135-0.3252-0.0016 
10 -0.1448-0.0091 0.2548 0.0647-0.2040-0.2288-0.1542-0.0813-0.0664 0.2421
11 THE A*• 0CD2 STRETCH -----
12 THE A "  DCD2 DEFORMATION -
13 THE OUT-OF-PLANE C03 WAG
14 THE OUT-OF-PLANE HAG -----
15 THE TORSION ---------------
11 0.7717-0.0978-0.0369-0.0058 0.0007
12 0.3252 0.9433 0.4472 0.1742 0.0007
13 0.1251-0.4354 0.6034 0.1749 0.0330
14 -0.0865 0.C524-C.4036 0.4737-0.0356
15 -0.0163 0.0156-0.0989 0.1187 0.4080
L MATRIX FOR THE MULECULE C03-C0CL
IV-232
1 THE ASYM. HCH2 STRETCH --
2 THE SYMMETRIC CH3 STRETCH
3 THE C=C STRETCH ---------
4 THE HCH2 DEFORMATION ----
5 THE CH3 UMBRELLA BEND ---
6 THE IN-PLANE CH3 R O C K ---
7 THE C-C STRETCH----------
8 THE C-Z STRETCH ---------
9 THE SCISSORS BEND -------
10 THE 0*C-Z ROCK -----------
1 1.0430-0.1153 0.0077-0.0180-0.0227-0.0L02-0.0073 0.0004-0.0006 0.0034
2 0.1112 1.0042 0.0230 0.0C88 0.0183-0.0004-0.0264-0.0018 0.0006-0.0025
3 -0.0031-0.0065 0.3747 0.0302-0.0326 0.0193 0.0511 0.0194 0.0C54-0.0037
4 0.1458-0.0241 0.1233-0.8319 1.1903 0.0194 0.3483 0.0022-0.0079 0.0323
5 0.0236-0.1313-0.0379 1.2CC2 0.EC12-0.1078 0.1243-0.0385-0.0019 0.0539
6 -0.1217-0.0091 0.2740-0.1724 0.2640-0.7420-0.4871 0.1998 0.0002-0.0793
7 -0.0019-0.0399-0.1693 0.0900 0.0068-0.2303 0.2615 0.0823-0.0086 0.0053
8 0.0024-0.0007-0.1134 0.0C07 0.C387 0.1707-0.1052 0.1879 0.0616 0.0465
9 -0.0006 0.0087-0.1297-0.0195-0.0506-0.2748 0.1970-0.1883 0.2749-0.0126 
10 -0.0926 0.0064 0.2521 0.C297-0.0964-0.2889 0.0141-0.2299 0.0101 0.2303
11 THE A "  HCH2 STRETCH ----
12 THE A "  HCH2 OEFCRMATI ON -
13 THE OUT-OF-PLANE CH3 HAG
14 THE OUT-OF-PLANE WAG -----
15 THE TORSION ---------------
11 1.0431-0.1162-0.0217-0.0001-0.0013
12 0.2971 1.3368 0.6159 0.1192 0.0009
13 0.C598-0.6067 0.79*7 0.13 58-0.0431
14 -0.0584 0.0426-0.2920 0.5330 0.0802
15 -0.0109 0.0182-0.0940 0.1964-0.5506
L MATRIX FOR THE MOLECULE CH3-C0BR
IV-233
|
1 THE ASYM. CCU2 STRETCH ---
2 THE SYMMETRIC CD3 STRETCH
3 THE C=0 STRETCH ----------
4 THE CCD2 DEFORMATION -----
5 THE CD3 UMBRELLA BEND ----
6 THE IN-PLANE CD3 ROCK ----
7 THE C-C STRETCH ----------
8 THE C-Z STRETCH ----------
9 THE SCISSORS OENO -------
10 THE 0=C-Z ROCK -----------
I
(
1 -0.7761-0.0415 0.0272-C.0012-0.0324-0.0112-0.0154 0.0045-0.0002-0.0041 
i -0.0381 0.7236' 0.0274 0.C158 0.C183 0.0044-0.0183 0.0014-0.0000 0.0024 
3 0.0130-0.0130 0.3774 0.0280-0.0C18-0.0058 0.0454 0.0134 0.0043 0.0033
«♦ -0.2110-0.0103 0.0327-0.4144 0.3304 0.8947 0.2088 C.CC31-0.0042-0.0417
5 -0.0198-0.1368-0.0496 0.8800 0.6032 0.2595-0.0962-0.0766 0.0149-0.0458
6 0.1752-0.0104 0.1973 0.0216-0.2C58 0.3325-0.5553 C.2454-0.C078 0.0953
7 -J. 0021-0.0627-0.1703 C.2533-0.1454 0. 1619 0.1310 0.0703-0.0097-0.0049
8 -0.0087 0.0018-0.1130-0.0812 0.1749-0.1087 0.0063 0.1702 0.0638-0.0301
9 0.0017 0.0099-0.1312 0.1290-0.2853 C.1701 0.0516-0.1567 0.2703 0.0279 




11 THE A*• CCD2 STRETCH -----
12 THE A "  DC02 DEFORMATION -
13 THE OUT-OF-PLANE CD3 MAG
14 THE OUT-OF-PLANE WAG -----
15 THE TORSION ---------------
i
i 11 -0.7734-C.0834-0.0364-0.0015 0.C009
I 12 -0.3065 0.9309 0.4959 0.1395-0.0005
j 13 -0.1284-0.4561 C.5852 0.1815 0.0310
14 0.0856 C.0823-0.3866 0.4629-0.0559
15 0.0164 0.0248-0.1049 0.1459 0.3970
!
L MATRIX FOR THE MOLECULE C03-C0BR
!I
IV-23U
1 THE C-Z STRETCH----------
2 THE C=0 STRETCH ----------
3 THE SCISSORS BEND -------
4 THE SYMMETRIC CF3 STRETCH
5 THE ASYM. FCF2 STRETCH ---
6 THE C-C STRETCH -----------
7 THE CF3 UMBRELLA BEND ----
8 THE FCF2 DEFORMATION -----
9 THE 0=C-Z ROCK ------------
10 THE IN-PLANE CF3 ROCK ----
1 1.0356 0.052C 0.0132-0.OC92 C.0C03 0.0119-0.0062-0.0012-0.0053 0.0009
2 -0.0598 0.3716 0.0459-0.0157-0.0014 0.0341 0.0139 0.0027 0.0212 0.0040
3 -0.0738-0.3594 0.6802-0.1701-0.4777 0.7175-0.1449-0.1317-0.3593-0.2597
4 -0.0015-0.0121 0.0275-0.27C3 0.0658-0.0448 0.0301-0.0091 0.0042 0.0034
5 -0.0009-0.0227 0.2531 0.0598 0.2 526-0.0339-0.0258 C.0265 0.0138-0.0208
6 -0.0318-0.1366-0.0886 0.1510 0.0583 0.3120 0.1109 0.0422-0.0393-0.0023
7 0.0035 0.0047-0.0566 C.3234-0.0109 0.1260 0.3896 0.0732-0.1774-0.0085
8 -0.0006-0.0189 0.1951 0.0484 0.1676-0.0332-0.0576 0.3475 0.0110-0.0537
9 -0.1170 0.3802-0.6601-0.0115 0.2884-0.0740-0.0875-0.0463-0.0799-0.0845 
10 -0.0658 0.1704-0.2051-0.C791-0.1175 0.0808-0.0845-0.0658-0.2301 0.1343
11 THE A** FCF2 STRETCH -----
12 THE OUT-OF-PLANE WAG -----
13 THE A* • FCF2 DEFORMATION -
14 THE OUT-CF-PLANE CF3 WAG
15 THE TORSION ---------------
11 0.3954-0.0726 0.0350 0.0217 0.0021
12 0.1709 0.3939-0.0074-0.3680-0.0821
13 0.2638 0.0109 0.3547 0.0392 0.0012
14 0.3081 0.2653 0.0214 0.1366-0.004C
15 -0.0369-0.1218-0.0008 0.3475 0.3975
L MATRIX FOR THE MOLECULE CF3-C0H
IV-235
1 THE C-Z STRETCH ----------
2 THE C=0 STRETCH ----------
3 THE SYMMETRIC CF3 STRETCH
9 THE ASYM. FCF2 STRETCH ---
5 THE SCISSORS 8EN0 — -----
6 THE C-C STRETCH ----------
7 THE CF3 UMBRELLA BEND ----
8 THE FCF2 DEFORMATION -----
9 THE 0=C-Z ROCK -----------
10 THE IN-PLANE CF3 ROCK ----
1 0.7333-0.2012-0.0069-0.0195 0.0252 0.0199-0.0120-0.0012-0.0075 0.0005
2 -U.1530-0.3960 0.0167-0.C221 0.0033 0.0382 0.0109 0.0002 0.0187 0.0091
3 -0.0025 0.019C-0.0907-0.2779 0.0032-0.0372 0.0315-0.C079 C.0051 0.0035
9 0.0037 0.0156 0.3781-0.0509 0.1197-0.0980-0.0291 0.0281 0.0171-0.0206
5 -0.0390 0.3110 0.1925-0.1290-0.2606 0.7105-0.1719-0.1959-0.3881-0.2637
6 -0.0190 0.1558-0.0052 0.1619 0.1919 0.2572 0.0976 0.0395-0.0919-0.0028
7 U.00o3-0.0053 0.0519 0.3293 0.0990 0.1093 0.3865 0.0898-0.1650-0.0095
6 U.0038 0.0122 0.2609-0.0528 0.0202-0.0106-0.0599 0.3997 0.C231-0.0533
9 -0.2350-0.2673-0.3661 0.0660 0.9115-0.2131-0.0793-0.0226-0.0551-0.0893
10 -0. 1239-0.1325-0.2665 0.0208 0.0955 0.0229-0.0809-0.0517-0.2253 0.1329
11 THE A " FCF2 STRETCH -----
12 THE OUT-OF-PLANE HAG -----
13 THE A' • FCF2 DEFORMATION -
19 THE OUT-OF-PLANE CF3 HAG
15 THE TORSION ---------------
11 0.3970-C.0699-0.0351 0.0179 0.0020
12 0.1966 0.3399 0 .C090-0.2958-0.0796
13 0.2692 0.0177-0.3598 0.0312 0.0013
19 0.3061 0.2793-0.0222 0.1107-0.0026
15 -0.0120-0.0507-0.0013 0.1891 0.3996
L MATRIX FOR THE MOLECULE CF3-C0D
IV-236
1 THE C*C STRETCH ----------
2 THE SYMMETRIC CF3 STRETCH
3 THE ASYM. FCF2 STRETCH ---
4 THE C-Z STRETCH ----------
5 THE C-C STRETCH ----------
6 THE SCISSORS BEND -------
7 THE CF3 UMBRELLA BEND ----
B THE FCF2 DEFORMATION -----
9 THE 0=C-Z ROCK ------------
10 THE IN-PLANE CF3 ROCK ----
1 -Ci.3803-0.0043-0.0157 0.0046-0.0240-0.0034 0.0045-0.0179-0.0017 0.0001
2 -u.0022-0.2401 0.1549-0.0381-0.0423-0.0177-0.0206 0.0141 0.0077 0.0000
3 0.0132-0.1974-0.3322-0.0931 0.0C99-0.0402 0.0047 0.0309-0.0085 0.008B
4 0.0944-0.0591-0.0405 0.3C90-0.tCl4-0.0530 0.0970 0.0337 0.0476 0.0240
5 0.1471 0.2310-0.0777-0.2177-0.1874-0.0119 0.0352-0.04C3 0.007C 0.0080
6 0.1351 0.0816 0.0709-0.3467-0.0131-0.0818 0.2617 0.0273-0.1666-0.1193
7 0.0140 0.3418-0.1939-0.0204-0.3198 0.0158-0.1701 0.1724-0.0585-0.0337
8 0.0097-0.1669-0.2418-0.0636-0.0346 0.2791 0.0987 0.0520-0.0 311 0.0219
y -0.2709 0.1902 0.2417-C.2378 0.1172-0.0807 0.0354 0.1815 0.0344 0.1099
10 -0.1633 0.1773 0.2473-0.0894 0.0718-0.0182 0.0001 0.1177 0.1990-0.0732
11 THE A*• FCF2 STRETCH -----
12 THE A** FCF2 DEFORMATION -
13 THE OUT-OF-PLANE WAG -----
14 THE CUT-OF-PLANE CF3 WAG .
15 THE TORSION ---------------
11 0.3991-0.CO48-0.C279 0.02 94-0.0068
12 0.2601-0.3177-0.0943 0.0762-0.0139
13 0.1042 0.C994-0.2 797 0.5790-0.1504
14 -0.2374-0.C314 0.3384-0.1391 0.0175
15 0.0064 0.0194-0.0142 0.1515 0.1370
L MATRIX FOR THE MOLECULE CF3-C0F
IV-237
I THE C=0 STRETCH ------
2 THE SYMMETRIC CF3 STRETCH
3 THE ASYM. FCF2 STRETCH --
4 THE C-C STRETCH --------
5 THE C-Z STRETCH ---------
6 THE FCF2 DEFORMATION --- -
7 THE CF3 UMBRELLA BEND
8 THE SCISSORS BEND ------
9 THE 0=C-Z ROCK ----------
10 THE IN-PLANE CF3 ROCK ---
1 0.3806-0.0001-0.0103-0.0012 0.0240 0.0060-0.0159-0.0070 0.0010 0.0031
2 0.0019-0,2643 0.1168 0.0226 0.0349-0.0202 0.0137 0.0008 0.0045 0.0006
3 -0.0080-0.1563-0.3647 0.0416-0.OC83-0.0240 0.0114 0.0286-0.0079 0.0116
4 -0.1409 0.2088-0.0631 0.27C2 0.1533 0.0472-0.0226-0.0022-0.0010-0.0009 
3 -0.1374-3.0169-0.0177-0.2417 0.1247 0.0080-0.0887 0.0782 0.0585 0.0250
o -0.0048-0.1335-0.2538 0.0144-0.0299 0.2953 0.0833 0.0812-0.0381 0.0263
7 -0.0105 0.3568-0.1338 0.0799 0.3175-0.0250 0.2479 C.0930-0.0444-0.0209
b -0.1237 0.0300 0.0405 0.3947-0.0511 0.0215-0.1854 0.1525-0.1735-0.1295
9 -0.2545-0.1163-0.2326-0.2440 0.1581 0.1216-0.0364-0.132 7 0.0010-0.0693
10 0.1570 0.1219 0.2566 C.1227-0.1043-0.0585 0.0574 0.0741 0.1879-0.0747
11 THE A" FCF2 STRETCH----
12 THE A" FCF2 DEFORMATION -
13 THE OUT-OF-PLANE WAG --- -
14 THE OUT-OF-PLANE CF3 HAG
15 THE TORSION ----- -------
11 -0.3989-0.0175-0.C275 0.0272-0.0102
12 -0.2505-0.3189-0.1284 0.0698-0.0217
13 -0.0811 Q.1076-C.2104 0.5271-0.1844
14 -0.2356 0.C572-C.3234 0.1374-0.0462
15 -0.0186 0.0198-0.0269 0.1753 0.1002
L MATRIX FOR THE MOLECULE CF3-C0CL
IV-238
5. Potential Energy Distribution Matrix 
As was done with the G, F, and L matrices, the poten­
tial energy distribution matrix is separated into its two 
symmetry blocks with symmetry coordinate labels listed 


















CH3 UMBRELLA BEND ---
SCISSORS BEND ------
IN-PLANE CH3 ROCK ---
C-C STRETCH ---------
0=C-Z ROCK ----------
1 0.9974 0.0051 0.0003 0.0000 C.0003 0.0004 0.0000 0.0000 0.0007 0.0025
2 U.0047 0.9938 0.0C31 0.0003 C.0C01 0.0002 0.0011 0.0010 0.0001 0.0
3 0.0003 0.0024 1.0139 O.OCC4 0.0004 0.0008 0.0006 0.0041 0.0030 0.0010
4 0. 0 0.0000 0.0039 0.7668 0.0425 0.1059 0.0118 0.0004 0.0616 0.0193
5 0.0021 0.0000 0.0000 0.0C28 0.7992 0.1047 0.0024 0.0243 0.0538 0.0134
b 0.0000 0.0018 0.0000 0.0C47 0.0355 0.2447 0.6901 0.0013 0.0431 0.0100
7 0.0000 o.oooc 0.0005 0. 1333 0.C190 0.4717 0.2961 0.0668 0.0321 0.0479
3 U.0011 0.0000 0.0006 0.0296 0.0691 0.0008 0.0001 0.2346 0.5513 0.1572
9 0.0000 0.0018 0.0006 0.0863 C.0004 0.0320 0.0505 0.5045 0.2454 0.1352






11 THE A" HCH2 STRETCH----
12 THE A" HCH2 DEFORMATION -
13 THE OUT-OF-PLANE CH3 MAG
14 THE CUT-OF-PLANE MAG ----
15 THE TORSION -------------
1.0046 C.0005 0.C024 0.0005 0.0003 
0.0021 0.9212 0.0937 0.0033 0.0011 
0.0007 0.0472 0.8998 0.0569 0.0518 
0.0002 0.0018 C.1556 0.9115 0.C115 
0.0000 0.0001 0.01C9 1.06610.0
P.E.D. - FOR THE MOLECULE CH3-C0H
IV- 2J4.O
1 THE C-Z STRETCH --------
2 THE ASYM. DC02 STRETCH —
3 THE SYMMETRIC CD3 STRETCH
4 THE C=0 STRETCH --------
5 THE SCISSORS BEND ------
6 THE C-C STRETCH --------
7 THE DC02 DEFORMATION---
8 THE CD3 UMBRELLA BEND --
9 THE IN-PLANE CD3 ROCK --
10 THE 0=C-Z ROCK---------
1 1.0163 0.0001 0.0006 0.0003 0.0C04 0.0059 0.0000 0.0010 0.0011 0.0012
2 0.0000 0.9945 0.0001 0.0017 0.0014 0.0005 0.0035 0.0018 0.0003 0.0030
3 0.0002 0.0001 0.9955 O.OOOC o.ccco 0.0055 0.0001 0.0030 O.OOOC 0.0000
4 0. 0038 0.0003 0.0001 0.7988 0.1278 0.0162 0.0003 0.0019 0.0523 0.0107
5 U. 0005 0.0004 0.0000 0.1329 0.8039 0.0002 0.0003 0.0641 0.0349 0.0307
6 0.0005 0.0000 0.0104 0.C870 0.0C66 0.5699 0.0017 0. 1216 0.1448 0.1147
7 U. 0000 0.0077 o.ocoo C.OCOO O.OCOl 0.0045 0.9404 0.0000 0.0240 0.0259
b 0.0000 0.0000 0.0076 0.0018 0.0C18 0.4692 0.0060 0.3624 0.1604 0.0199
9 0.0004 0.0051 0.0000 0.0139 0.0000 0.0071 C.0 306 0.1433 0.5428 0.3011
10 0.0C19 0.0068 0.0000 0.0921 0.1611 0.0712 0.0066 0.1218 0.0098 0.6281
11 THE A** DC02 STRETCH -----
12 THE A** DCD2 DEFORMATION -
13 THE OUT-OF-PLANE HAG -----
14 THE CUT-OF-PLANE CD3 HAG
15 THE TORSION -------- ----
11 1.0046 0.0025 0.0002 0.0007 0.0002
12 0.0074 0* 8*381 0.1031 0.0215 0.0013
13 0.0007 0.0168 1.0065 0.0457 0.0109
14 0.0029 0.0341 0.0958 0.8744 0.0591
15 0.0 0.0002 0.0081 0.0045 1.0642
P.E.O. - FOR THE MOLECULE CD3-C0H
IV-224.1
1 THE ASYM. HCH2 STRETCH --
2 THE SYMMETRIC CH3 STRETCH
3 THE C-Z STRETCH ---------
4 THE C=C STRETCH ---------
5 THE HCH2 DEFORMATION ----
6 THE CH3 UMBRELLA BEND ---
7 THE C-C STRETCH ---------
8 THE IN-PLANE CH3 ROCK ---
9 THE SCISSORS BEND ------
10 THE 0=C-Z ROCK ----------
1 0. 9984 0.0045 0.0000 0.0000 0.0005 0.0001 0.0000 0.0 0.0007 0.0026
2 0. 0042 0.9972 0.0001 0.0004 0.0001 0.0012 0.0010 0.0000 0.0001 0.0
3 0.0000 0.0000 0.9862 0.0367 0.CC04 0.0013 0.0C01 0.0001 0.0C19 0.0002
4 0.0000 o.oooc 0.0510 0.7942 0.0175 0.0172 0.0339 0.0505 0.0290 0.0188
6 0.0021 o.oooc 0.0001 0.0C29 0.8722 C.0315 0.0040 0.0429 0.0333 0.0137
6 0. 0000 0.0017 0.0005 0.0036 0.0192 0.9254 0.0218 0.0240 0.0253 0.0096
7 0.OOCO 0.0019 0.00C5 C.1C07 0.0000 0.0926 C.4310 0.0476 0.2605 0.1223
8 0.0011 0.0000 0.0049 0.0242 0.C7C3 0.0000 0.0668 0.3398 0.3756 0.1617
9 0.0000 o.oooc 0.0007 0.0610 0.0001 0.0036 0.4763 0.2482 0.2463 0.0318
10 0.0013 o.oooc 0.0129 0.0465 0.0023 0.0003 0.0023 0.2302 0.0627 0.7410
11 THE A" HCH2 STRETCH----
12 THE A" hCH2 DEFORMATION -
13 THE OUT-OF-PLANE CH3 WAG
14 THE OUT-OF-PLANE WAG ----
15 THE TORSION -------------%
11 1.0046 C.0005 0.0026 0.0002 0.0003
12 0.0021 0.9261 0.0893 0.0126 0.0014
13 0.0007 0.0474 0.9472 0.0207 0.0503
14 0.0002 C.0007 0.0744 0.9840 0.0213
15 0.0 0.0000 0.0000 0.0042 1.0728
P.E.D. - FOR THE MOLECULE CH3-C00
IV-21+2
1 THE ASYM. UCD2 STRETCH --
2 THE SYMMETRIC C03 STRETCH
3 THE C-Z STRETCH ---------
4 THE C*0 STRETCH-- -------
5 THE C-C STRETCH ---------
6 THE DCD2 DEFORMATION ----
7 THE CD3 UMBRELLA BEND---
8 THE SCISSORS BEND ------
9 THE IN-PLANE CD3 ROCK ---
10 THE 0=C-Z ROCK ----------
1 0.9959 0.0001 0.0001 0.C008 C.0000 0.0027 0.0013 0.0026 0.0001 0.0031
2 0.0001 0.9743 0.0213 0.CC01 0.0C41 0.0015 0.0016 0.0013 0.0000 0.0000
3 0 .0000 0 .0186 0.9719 0.0330 0.0C05 0.0007 O.GOOl 0.0004 0.0012 0.0004
4 0.0002 0.0C05 0.0492 0. 8216 0.0635 0.0076 0.0077 0.0076 0.0436 0.0105
5 0 . 0000 0.009 3 0.0015 0. 1C03 0.5074 0.0034 0.0070 0.1577 0.1664 0.1040
b 0.0077 0.0 0.0000 O.OCOO 0.0016 0.4169 0.5281 0.0001 0.0217 0.0264
7 0.0000 0.0078 0.0 0.CC17 C.3600 0.1435 0.1689 0.1773 0.1539 0.0180
8 0.0000 0.0000 0.0007 G.0615 0.2C39 0.413 5 0.2690 0.0031 0.0972 0.0190
9 0.0C51 0.0001 0.0032 0.0114 0.CO 15 0.0072 0.0221 0 .2 0 0<t 0.4873 0.3062
lu 0.0057 0.0002 0.0121 0.0455 O.OCOl 0.1041 0.0183 0.2471 0.0012 0.6652
11 THE A»* DCD2 STRETCH ----
12 THE A* • DCD2 DEFORMATION -
13 THE OUT-OF-PLANE WAG ----
14 THE OUT-OF-PLANE CD3 WAG
15 THE TORSION----- ■-------
11 1.0046 0.0026 0.0000 0.0008 0.0003
12 0.0074 C.5264 0.C954 0.0007 0.0015
13 0.0007 0.0043 0.6394 0.4163 0.0199
14 0.0C29 0.C330 0.4944 0.4809 0.0551
15 0.0 0.0000 0.0009 0.0046 1.0715
P.E.D. - FOR THE MOLECULE CD3-C0D
IV- 21+3
1 THE ASYM. HCH2 STRETCH --
2 THE SYMMETRIC CH3 STRETCH
3 THE C=0 STRETCH r---------------
4 THE HCH2 DEFORMATION ----
5 THE CH3 UMBRELLA BEND ---
6 THE C-Z STRETCH ---------
7 THE IN-PLANE CH3 ROCK -- -
S THE C-C STRETCH ---------
9 THE SCISSORS BEND ------
LO THE 0=C-Z ROCK ----------
1 0. 75C3 0.2538 0.0000 0.0021 0.0010
2 0.2263 0.77C8 0.0008 0.0C99 0.0014
3 0.0000 0. 0 0 0 1 0.8939 0.0C07 0.0107
4 0.0017 0. 0 0 1 0 0.0C09 0.3 740 0.4879
5 0.0006 0.0026 0.0015 0,4 683 C.5002
6 U. 0 O.OOOG 0.0355 0.C109 0.0098
7 0.0007 0.0002 0.0178 0.0546 0.C295
8 0.0003 0.0012 0.0765 0.0041 0.0980
9 G.OOOO 0 .0000 0.0237 C.CC93 0.0042
10 0.0010 0.0003 0.0402 0.0C06 C.OCOO
0.0005 0.0021 0.0003 0.0000 0.0042
0.0012 0.0032 0.0014 0.0008 0.0000
0.0027 0.0628 0.0367 0.0018 0.0124
0.1338 0.0036 0.0108 0.0001 0.0066
0.0049 0.0173 0.0082 0.0129 0.0155
0.2769 0.1226 0.6122 0.0007 0.0084
0.2514 0.5342 0.0437 0.0026 0.1256
0.2972 0.3121 0.1954 0.0993 0.0005
0.1617 0.0951 0.0C32 0.7298 0.1596
0.0883 0.00C5 0.0210 0.0153 0.9923
11 THE A*' HCH2 STRETCH ----- —
12 THE A*• HCH2 OEFORMATI ON -
13 THE OUT-OF-PLANE CH3 WAG
14 THE OUT-OF-PLANE WAG ---------
15 THE TORSION -------- ---------
11 0.9913 0.0216 C.0000 0.0072 0.0071
12 0.0052 0.7648 0.2564 0.0001 0.0763
13 C.0005 0.1339 0.4966 0.4634 0.2015
14 0.0003 0.0091 0.1480 0.6285 3.1206
15 C.OCOO 0.0000 0.0027 0.0391 3.3692
P.E.O. - FOR THE MOLECULE CH3-C0F
IV-2lj4
1 THE ASYM. DC02 STRETCH --
2 THE SYMMETRIC CD3 STRETCH
3 THE C=C STRETCH ---------
4 THE C-Z STRETCH ---------
5 THE CD3 UM8RELLA BEND ---
6 THE DC02 DEFORMATION ----
7 THE IN-PLANE C03 ROCK ---
8 THE C-C STRETCH ---------
9 THE SCISSORS BEND ------
10 THE 0*C-Z ROCK ----------
1 0.9290 0.0688' 0.0016 C.C001 0.0007 0.0070 0.0002 0.0000 0.0002 0.0065
2 0.0548 0.9341 0.0012 0.0002 0.0202 0.0001 0.0039 0.0003 0.0011 0.0000
3 0. 0003 0.0011 0.9011 0.0112 0.0120 0.0154 0.0682 0.C025 O.OOC1 0.0097
4 0.0000 0 .0000 0.0350 0.3257 0.1159 0.0508 0.0191 0.5283 0.0002 0.0022
5 0.0005 0.0100 0.0013 0.1519 0.6499 0.0029 0.1442 0.0064 0.0681 0.0170
6 0.0079 0 .0010 0.0002 0.0149 0.0385 0.8613 0.0813 0.0016 O.0CO4 0.0132
7 0.0047 0.0003 0.0118 C.0546 C.0543 0.0108 0.3736 0.3312 0 .0002 0.2191
8 0.0006 0.0068 0.0780 0.5936 0.0256 0.0004 0.1943 0.0458 0.1343 0.0004
9 0.0000 0.0002 0.0243 0. 1867 0.0548 0.0094 0.0998 0.0078 0.6579 0.1457
10 0.0051 0.0005 0.0379 0.0519 0.0212 0.0525 0.0341 0.0020 0.0060 0.9461
11 THE A" DCD2 STRETCH — ».
12 THE A" 0CD2 DEFORMATION
13 THE □UT-OF-PLANE CD3 WAG
14 THE OUT-OF-PLANE WAG ----
15 THE TORSION --------
11 0.98 53 C.0165 0.0114 0.0072 0.0068
12 0.0122 0.4852 0.5302 0.0001 0.0752
13 0.0032 0.2138 0.2110 0.6738 0.1940
14 0.0013 0.0880 C.2208 0.5591 3.0374
15 0.0000 C.0006 0.0030 0.0211 3.3863
P.E.D. - FOR THE MOLECULE CD3-C0F
IV-2l|£
1 THE ASYM. HCH2 STRETCH --
2 THE SYMMETRIC CH3 STRETCH
3 THE C=C STRETCH ---------
4 THE HCH2 DEFORMATION ----
5 THE CH3 UMBRELLA BEND ---
6 THE IN-PLANE CH3 ROCK ---
7 THE C-C STRETCH ---------
8 THE C-Z STRETCH ---------
9 THE SCISSORS BEND ------
10 THE 0=C-Z ROCK ----------
1 0.9917 0 . 0 0 2 0 0.0004 0.0001 0.0030 0.0027 0.0013 0.0002 0.0001 0.0006
2 0.0017 1.0C21 0.00 18 0.0C14 0.0010 0.0000 0.0077 0.0000 0.0000 0.0009
3 o.oooc 0.0001 0.8990 0.C090 D.0C14 0.0062 0.0750 0.Cl 70 0.0000 0.0078
4 0.0022 0.0001 0.0013 0.6349 0.1863 0. 1275 0.0381 0.0093 0 .C011 0.0158
5 0.0001 0.0013 0.0004 0.1957 0.8474 C.0001 0.0167 0.0085 0.0086 0.0423
6 0.0021 0.0001 0.0260 0.08C4 0.05C8 0.3883 0.2737 0.1219 0.04C5 0.0994
7 0. 0000 0.0012 0.0613 0.0006 0.0430 0.2681 0.5774 0.1115 0.0399 0.0002
B 0.0000 0.0 0.0227 0.0C18 O.OCOO 0.1532 0.0765 0.7908 0.0027 0.0585
9 0.0 0.0000 0.0095 0.CC29 0.0000 0.1062 0.0722 0.0264 0.9469 0.0019
10 0.0014 0.0 0.0299 O.OCOO 0.0003 0.1089 0.0008 0.1067 0.0392 0.8752
11 THE A" HCH2 STRETCH -----
12 THE A" HCH2 DEFORMATION -
13 THE OUT-OF-PLANE CH3 WAG
14 THE OUT-OF-PLANE WAG -----
15 THE TORSION -------- -----
11 0.9602 0.0726 0.0053 0.0004 0.0004
12 0.0094 0.7148 0.2740 0.0628 0.0000
13 0.0004 0.2160 0.7514 0.0552 0.1201
14 0.0003 0.0003 0.0657 0.9059 0.0975
15 0.0000 0.0000 0.0005 0.0069 1.1559
P.E.D. - FOR THE MOLECULE CH3-C0CL
IV-2^6
1 THE ASYM. CCD2 STRETCH ---
2 THE SYMMETRIC COB STRETCH
3 THE C=U STRETCH ----------
4 THE CCC2 DEFORMATION -----
5 THE C03 UMBRELLA BEND ----
6 THE C-C STRETCH ----------
7 THE IN-PLANE C03 ROCK — —
8 THE C-Z STRETCH ----------
9 THE SCISSORS BEND -------
10 THE G-C-Z ROCK -----------
1 0.9763 0.0005 -0.C040 C.0C03 0.0000 0.0110 0.0071 0.0017 0.0005 0.0008
2 0.0003 1.0042 0.0031 0.0C01 0.0003 0.0027 0.0048 0.0001 0.0000 0.0011
3 0* 00 14 0.0014 0.9138 0.0111 0.0004 0.0001 0.0739 0.0074 0.0000 0.0063
4 L.C078 0.0001 O.OCOO C.1702 0.2581 0.5051 0.0308 0.0117 0.G018 0.0310
5 0.0001 0.0061 0.0007 0.7C78 0.0113 0.2732 0.0285 0.0196 0.0283 0.0450
o u.0001 0.0058 0.0642 0.2711 0.3920 0.0459 0.1925 0.0752 0.0563 0.0000
7 0.0075 0.0002 0.0130 0.0C28 0.1576 0.0035 0.4757 0.1838 0.C596 0.1795
8 0.0001 0.0000 0.0221 0.0072 0.1801 0.1086 0.0006 0.7546 0.0016 0.0313
9 O.OOCO 0.0000 0.0101 0.C046 0.1237 0.0751 0.0106 0.0009 0.9410 0.0000
10 0.0059 0.0000 0.0279 0.0050 0.0529 0.0783 0.0489 0.0290 0.0347 0.8797
11 THE A "  CCD2 STRETCH-----
12 THE A "  DC02 DEFORMATION -
13 THE OUT-OF-PLANE CD3 WAG
14 THE OUT-OF-PLANE WAG -----
15 THE TORSION ---------------
11 0.9462 0.0755 0.C156 0.0012 0.0004
12 0.0169 0.7C64 0.2306 0.1070 0.0000
13 0.0038 0.2264 0.6316 0.1622 0,1191
14 0.0012 0.0022 0.1869 0.7875 0.0919
15 0.0000 0.0000 0.0011 0.0047 1.1576
P.E.O. - FOR THE MOLECULE CD3-C0CL
IV-2^7
I THE ASYM. HCH2 STRETCH ---
2 THE SYMMETRIC CH3 STRETCH
3 THE C=G STRETCH -----------
4 THE HCH2 DEFORMATION -----
5 THE CH3 UMBRELLA BEND.----
6 THE IN-PLANE CH3 ROCK ----
7 THE C-C STRETCH -----------
8 THE C-Z STRETCH -----------
9 THE SCISSORS BEND --------
10 THE 0=C-Z ROCK ------------
1 0.9839 0.0128. 0.0001 0.0013 0.0024 0.0007 0.0005 0.0000 0.0000 0.0010
2 0.0114 0.9918 0.0013 0.0003 0.0 016 0.0000 0.0066 0.0001 0.0000 0.0006
3 O.OCOO 0.0001 0.8830 0.CC92 0.0123 0.0066 0.0610 0.0242 0.0050 0.0029
4 0.0019 0.0001 0.0037 0.2699 0.6300 0.0003 0.1096 0.0000 0.0C04 0.0087
5 0.0001 0.0020 0.0004 0.6966 0.3540 0.0099 0.0173 0.0046 0.0000 0.0301
6 0.0017 0.0000 0.0236 0.0150 0.0402 0.4678 0.2781 0.1283 0.0 0.0679
7 0.0000 0.0013 0.0630 0.0286 0.0C02 0.3281 0.5596 C.1520 0.0046 0.0021
a 0.0000 0.0 0.0197 0.0000 0.0C42 0.1258 0.0632 0.5527 0.1620 0.1139
9 0.0 0.0000 0.0064 0.0002 0.0018 0.0804 0.0547 0.1370 0.7969 0.0021
10 0. 0013 0.0000 0.0270 0.0006 0.0072 0.0999 0.0003 0.2296 0.0012 0.7744
11 THE A "  HCH2 STRETCH-----
12 THE A "  HCH2 REFORMAT!ON -
13 THE OUT-OF-PLANE CH3 WAG
14 THE OUT-OF-PLANE WAG -----
15 THE TORSION ----------------
11 C.9705 0.0530 0.0036 0.0 0.0006
12 0.0C79 C.7027 0.2673 0.0484 0.0000
13 0.0005 0.2176 0.7188 0.0943 0.1127
14 C.0003 0.0006 0.0576 0.8626 0.2313
15 0.0000 C.0000 C.0007 0.0134 1.2519
P.E.D. - FOR THE MOLECULE CH3-C0BR
IV-2l(.8
1 THE ASYM. DC02 STRETCH ---
2 THE SYMMETRIC C03 STRETCH
3 THE C=0 STRETCH -----------
4 THE DC02 DEFORMATION -----
5 THE CD3 UMBRELLA BENO ----
6 THE IN-PLANE CD3 ROCK — —
7 THE C-C STRETCH -----------
8 THE C-Z STRETCH -----------
9 THE SCISSORS BEND -------
10 THE 0=C-Z R O C K ------------
1 0.9810 0.0032 0.0019 0.0000 O.OC83 0.0011 0.0048 0.0006 0.0000 0.0018
2 0.0024 0.9997 0.0019 0.CC17 0.0027 0.0002 0.0044 0.0001 0.0 0.0007
3 0.0007 o.oooe 0.9022 0.0131 0.0C01 0.0003 0.0666 0.0138 0.0034 0.0030
4 0.0071 0.0000 0.0003 0.1451 0.0841 0.7153 0.0544 0.0000 0.0001 o.oiai
3 u.OOCl 0.0C79 0.0007 0.6190 0.3477 0.0746 0.0143 0.0215 O.OC19 0.0270
6 0.0063 0.0000 0.0123 0.0004 0.0423 0.1281 0.4991 0.2311 0.0C05 0.1226
7 0 # 0 0 c c 0.0065 0.0642 0.3746 C.1475 0.2121 0.1939 0.1325 0.0059 0.0023
8 o.oom 0.0000 0.0197 0.C268 0. 1489 0.0666 0.0003 0.5417 0.1778 0.0596
9 u.0000 0.0000 0.0066 0.0167 0.0978 0.0403 0.0052 0.1133 0.7870 0.0126
10 0.0054 0.0000 0.0262 0.0189 0.0955 0.0128 0.0589 0.1300 0.0193 0.7748
11 THE A 1' DCD2 STRETCH ---------
12 THE A** DCD2 DEFORMATION -
13 THE OUT-OF-PLANE CD3 WAG
14 THE OUT-OF-PLANE HAG — - —
15 THE TORSION ---------- ---------
11 0.9582 0.0539 C.015C 0.0001 0.0006
12 0.0151 C.6735 0.2784 0.0793 0.0000
13 0.0040 0.2429 0.5826 0.2019 0.1124
14 0.0010 C .0047 0.1509 0.7791 0.2167
15 0.0000 0.0000 0.0013 0.0089 1.2558
P.E.D. - FOR THE MOLECULE CD3-C0BR
IV-2*1.9
1 THE C-Z STRETCH -----------
2 THE C=0 STRETCH -----------
3 THE SCISSORS 8END --------
4 THE SYMMETRIC CF3 STRETCH
5 THE ASYM. FCF2 STRETCH ---
6 THE C-C S T R E T C H----- -----
7 THE CF3 UMBRELLA BEND ----
8 THE FCF2 DEFORMATION -----
9 THE O-C-Z ROCK ------------
10 THE IN-PLANE CF3 ROCK ----
1 0.9934 O.OC64 0.0007 0.0004 0.0 0.0015 0.0006 0.0000 0.0011 0.0001
2 0.0090 0.8907 0.0220 0.0C32 0.0000 0.0338 0.0G85 0.0005 0.0495 0.0052
3 0.0CC3 0.0161 0,0932 0.0072 0.0680 0.2884 0.0177 0.0208 0.2755 0.417C
4 0.0000 0.001C 0.0081 0.9657 0.0683 0.0595 0.0406 0.0052 0.0020 0.0039
5 0.0000 0.0021 0.4142 0.0796 0.8184 0.0207 0.0180 0.0272 0.0130 0.0861
6 0.0013 0.0595 0.0405 0.1455 0.0259 1.3958 0.2664 0.0548 0.0844 0.0009
7 0.0000 O.OOCC 0.0049 C.1968 C.0003 0.0671 0.9684 0.0485 0.5068 0.0034
8 0.0 0.0004 0.0610 0.0046 0.0666 0.0049 0.0223 1.1541 0.0021 0.1419
9 0.0034 0.0915 0.4463 0.0CO2 0.1260 0.0156 0.0329 0.0131 0.0692 0.2244
10 0.0011 0.0197 0.0461 0.0085 0.C224 0.0199 0.0328 0.C283 0.6145 0.6067
11 THE A' » FCF2 STRETCH -----
12 THE OUT -OF-PLANE WAG -----
13 THE A* • FCF2 DEFORMATION -
14 THE CUT-OF-PLANE CF3 WAG
15 THE TORSION ----------------
11 1.2722 0.0867 0.C539 0.0436 0.0146
12 0.0249 0.2676 0.0003 1.3108 2.3904
13 0.1212 C.00C4 1.1830 0.C303 0.0011
14 0.2745 0.4110 0.0072 0.6116 0.0193
15 0.0001 0.0018 0.0 o.oaio 3.8859
P.E.O. - FOR THE MOLECULE CF3-C0H
IV-250
1 THE C-Z STRETCH -----------
2 THE C=0 STRE T C H -----------
3 THE SYMMETRIC CF3 STRETCH
4 THE ASYM. FCF2 STRETCH ---
5 THE SCISSORS 8END --------
6 THE C-C STRE T C H -----------
7 THE CF3 UMBRELLA BEND ----
a THE FCF2 DEFORMATION -----
9 THE 0=C-Z ROCK ------------
10 THE IN-PLANE CF3 ROCK ----
1 0. 8877 0.10CQ 0.0002 o.ooia 0.0C49 0.0048 0.0023 0.0000 0.0025 0.0000
2 0. 1053 0.8061 0.0034 0.0064 0.0002 0.0484 0.0052 0.0000 0.0421 0.0054
3 0. OOOC 0.0014 G.02C8 1.C287 C.CCC2 0.0470 0.0449 0.0040 0.0032 0.0041
4 0.0000 0.0010 1.0871 0.0206 0.1704 0.0472 C.0158 0.0308 0.0217 0.0846
5 0.0001 0.0126 0.0048 0.0042 0.0274 0.3228 0.0251 0.0257 0.3503 0.4313
6 0.0008 0.0808 0.0002 0.1692 0.3809 1.0832 0.2C80 0.0485 0.1021 0.0013
7 0.0000 0.0000 0.0048 0.2000 0.0298 0.0525 0.9608 0.0659 0.4780 0.0042
8 0.0000 0.0002 0.1278 0.0056 0.0C13 0.0006 0.0243 1.1480 0.0099 0.1401
9 0.0244 0.0472 C.1633 0.CC56 0.3477 0.1476 0.0239 0.0032 0.0359 0.2238
10 0.0073 0.0124 0.0916 0.0006 0.0C46 0.0018 0.0303 0.0176 0.6425 0.5913
11 THE A "  FCF2 STRETCH-----
12 THE OUT-OF-PLANE HAG -----
13 THE A "  FCF2 DEFORMATION -
14 THE CUT-OF-PLANE CF3 WAG
15 THE TORSION ---------------
11 1.2877 C.0706 0.0541 0.0413 0.0173
12 0.0184 0.2062 0.0004 1.1844 2.5843
13 0.1221 0.0011 1.1843 0.0269 0.0017
14 0.2720 0.4713 0.0077 0.5618 0.0108
15 0.0000 0.0003 C.0000 0.0335 3.9344
P.E.D. - FOR THE MOLECULE CF3-C0D
I THE C=C STRETCH -----------
2 THE SYMMETRIC CF3 STRETCH
3 THE ASYM. FCF2 STRETCH ---
4 THE C-Z STRETCH -----------
5 THE C-C STRETCH -----------
6 THE SCISSORS BEND -------
7 THE CF3 UMBRELLA BEND ----
8 THE FCF2 DEFORMATION -----
9 THE 0=C-Z ROCK ------------
10 THE IN-PLANE CF3 RUCK ----
1 0.9808 0.0002 0.0036 0.0CC4 0.C2L3 0.0005 0.0011 0.0229 0.0005 0.0000
2 0.0000 0.6473 0.3070 0.0242 0.0580 0.0124 0.0201 0.0123 0.0081 0.0
3 0.0006 0.2 5C8 C.8C89 0.0828 0.0018 0.0367 0.00C6 0.0342 O.OC56 0.0179
4 0.0195 0.0144 0.0077 0.5858 0.1228 0.0410 0.1648 0.0262 0.1129 0.0853
5 0.0599 0.2797 0.0360 0.3694 0.5308 0.0026 0.0276 0.0473 0.0031 0.0121
6 0.0095 0.0065 0.0056 C. 1752 0.0005 0.0232 0.2851 0.0041 0.3286 0.5015
7 0.0002 0.1798 0.0659 0.0010 0.4540 0.0013 0.1886 0.2546 0.0634 0.0627
8 0. 0001 0.0747 0.1785 0.C161 0.0C93 0.7378 0.1106 0.0403 0.0312 0.0462
y 0.0489 0.0456 0.0838 0.1C57 0.C499 0.0290 0.0067 0.2310 0•01 BO 0.5452
10 0.0193 0.0430 0.0953 0.0162 0.0204 0.0016 0.0 0.1054 0.6522 0.2624
11 THE A*' FCF2 STRETCH------
12 THE A•* FCF2 DEFORMATION -
13 THE CUT-OF-PLANE WAG------
14 THE CUT-OF-PLANE CF3 WAG ,
15 THE TORSION ----------------
11 1.2936 O.OC09 0.0494 0.1726 0.1566
12 0.1282 0.9532 0.1319 0.2710 0.1547
13 0.0021 0.C093 0.1157 1.5590 1.8086
14 0.1074 0.0094 1.7086 0.9075 0.2462
15 0.0000 0.0004 0.0003 0.1119 1.5743
P.E.D. - FOR THE MOLECULE CF3-C0F
IV-252
1 THE C=C STRE T C H------ ----
2 THE SYMMETRIC CF3 STRETCH
3 THE ASYM. FCF2 STRETCH ---
4 THE C-C STRETCH -----------
5 THE C-Z STRETCH -----------
6 THE FCF2 DEFORMATION -----
7 THE CF3 UMBRELLA BEND ----
8 THE SCISSORS BEND -------
9 THE 0=C-Z RCCK ------------
10 THE IN-PLANE CF3 ROCK ----
1 0,9950 0.0 0.0015 0.0000 .0.0239 0.0018 0.0154 0.0045 0.0002 0.0055
2 0.0000 0.8154 0.1751 0.0115 0.0455 0.0184 0.0103 0.0001 0.0033 0.0002
3 0.0002 0.1644 0.9844 0.0224 0.0C15 0.C149 0.0041 0.0387 0.C06C 0.0398
4 0.0562 0.2344 0.0235 0.7572 0.4041 0.0462 0.0129 0.0002 0.0001 0.0002
5 0.0385 0.C011 0.0013 0.4365 0.1526 0.0010 0.1431 0.1660 0.1867 0.1071
6 0.0000 0.0420 0.1668 0.0009 0.0067 0.7921 0.0767 0.1087 0.0461 0.0720
7 0. 00C1 0.1991 0.0308 0.0193 0.5C40 0.C038 0.4513 0.0947 0.0435 0.0303
8 0.0061 0.0007 0.0014 0.2281 O.OC63 0.0014 0.1226 0.1237 C.3220 0.5611
9 0.0528 0.0209 0.0921 0.1777 0.1237 0.0883 0.0C96 0.1910 O.OCOO 0.3274
10 0.0164 0.0188 0.0915 0.0367 0.0439 0.0167 0.0195 0.0486 0.6288 0.3111
11 THE A •* FCF2 STRETCH -----
12 THE A "  FCF2 DEFORMATION -
13 THE OUT-OF-PLANE HAG -----
14 THE OUT-OF-PLANE CF3 WAG
15 THE T O R S I O N -------------- -
11 1.3106 0.0123 0.0533 0.1517 0.5986
12 0.1197 0.9497 0.2690 0.2309 0.6343
13 0.0013 C .0109 0.0730 1.3321 4.6149
14 0 . 1C44 0.0301 1.6834 0.8820 2.8237
15 0.0001 C .0005 0.0015 0.1877 1.7338
P.E.O. - FOR THE MOLECULE CF3-CQCL
XV-253
6. Cartesian Displacements 
In  the following matrices the columns correspond to 
the normal coordinates Q(n). The rows are divided into  
groups of three, each group corresponding to the x, y, 
and z Cartesian coordinates of a given atom in the mole­







uin 0(2) 0(3) 0(4) 0(5) Q(6) 0(71 u( a) Q< 9) 0110) Q (11) 0412) Q( 13) G( 14) Q( 15)
X 0.0 0.0 0.0 -0.001 C.C06 C.C -0.002 0.0 0.0 0.0 0.0 0.026 -0.104 0.145 -0.C86
c Y 0.0 -0.005 0.075 0. 092 C.C2C -0.061 0.022 -0.163 -0.045 0.117 0.0 0.001 C .005 0.001 0.0
I 0.0 -0.004 0.0 -0.202 -0.022 O.C 0.006 -0.113 -0.049 -0.002 0.0 0.0 -0.001 0.0 0.0
X 0.0 0.0 0.0 0.0 -0.007 -0.CC2 0.0 0.0 -0.001 0.0 0.090 0.056 C.121 0.0 0.C09
c Y -0. J64 -0.013 0.C02 -0.004 -C.C44 -0.014 0.049 0.124 -0.038 -0.015 0.0 0.004 O.C 0.0 O.C
Z 0.033 -0.05C 0.004 0.C37 O.COl 0.C79 C.118 0.C67 0.131 0.123 0.002 0.005 0.009 0.001 O.C
X 0.001 0.0 -0.002 -0.010 0.C45 0.013 0.002 0.009 -0.011 0.004 0.006 -0.669 -0.239 -0.053 -C.432
H Y 0.808 0.512 0.045 -0.C24 -C.C32 -0.042 0.023 0.142 -0.063 -0.003 0.0 -0.002 -C.006 -C.001 0.0
Z -0.039 -0.C06 -0.012 -0.134 0.375 -0.295 -0.439 0.417 -0.321 0.649 -0.0C4 0.016 -C.040 -0.010 0.C02
X 0 .ZOO -0.474 -0.023 0.012 -C .295 -0.237 —C. 204 0.051 -0.013 0.018 -0.542 -0.073 -C.130 -C.093 0.285
H Y 0.097 -0.162 -0.011 -0.024 0.402 -0.041 -0.2b? -0.075 0.353 -0.167 -0.195 0.421 -C.177 -C.115 —C.349
Z -b. ldl 0.314 0.012 0. C38 -C.247 -0.319 -0.392 0.024 0.324 C.074 0.334 0.018 -0.535 -0.219 0.242
X -O.zdb 0.475 0.C16 -0.027 C.3C8 0.237 0.2C4 -0.022 -0.024 -0.007 -0.543 -0.099 -0.121 —C.0B9 0.284
H Y 0.103 -0.173 -0.0C6 -0.001 0.396 C.C26 -0. 175 -C.11C 0.378 -C.183 0.189 -0.486 0.165 0.118 C.349
I -o.iys 0.301 0.013 0.051 -C.372 -C.280 -0.276 0.047 0.269 0.078 -C.344 -0.06b 0.433 0.212 -C.240
X o.u 0.0 0.0 0.0 O.C 0.0 0.0 0.0 0.0 O.C 0.0 -0.004 0.013 -0.047 0.070
0 Y 0.0 0.0 O.OOi -0.067 —0 .028 0.064 -0.035 0.C37 0.027 -0.062 0.0 0.0 0.0 0.0 0.0
Z 0.0 0.002 0.0 0. 113 0.032 -0.C49 0.0 0.012 -0.066 -0.136 0.0 0.0 0.0 0.0 0.0
X 0. o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.002 -0.066 0.145 -C.750 -C.341
H Y o.ozo 0.048 -0.956 0.C71 0.019 -0.C99 0.075 -0.140 -0.011 0.102 0.0 0.0 0.0 0.0 C.O
Z 0.00b 0.005 -0.074 0.215 -0.159 C.626 -0.47a -0.098 -0.213 0.C99 0.0 0.0 0.0 0.0 O.C
CARTESIAN DISPLACEMENTS FOR --- CH3-COH
Q U J  U (2 I Q(3I 0(4) 0(5) 0(6) C(7) 0(8) 0(9) 0(10) 0(11) Q(12> 0(13) 0(14). 0(151
X 0.0 0.0 0.0 0.0 c.c 0.0 -0.002 0.0 0.0 0.0 C.O 0.043 -0.177 -C.017 -0.105
C Y 0.0B7 -0.009 0.0 -0.043 -C.194 -0.113 0.003 0.188 0.020 0.123 0.0 0.0 C.O -0.002 0.0
I 0.017 -0.018 0.001 0.143 0.C53 -C. 114 0.009 0.136 -0.037 0.041 0.0 0.0 0.0 0.0 C.O
X O.U 0.001 0.0 0,0 0.0 0.003 -0.002 0.0 -0.004 0.C01 0.123 0.067 0.071 0.111 . 0.0
C Y 0.J03 0.114 -0.C26 -0.042 0.C63 0.055 -0.068 -0.070 -0.093 0 .02 5 C.O 0.0 0.0 0.0 C.C
I 0.006 -0.043 -0.073 -0.015 -0.022 C. 182 0.028 0.051 0.057 0.087 0,0 -0.004 0.0 0.003 0.0
X 0.0 0.005 - o . o o s -O.OC2 0.001 0.023 -0.025 0.016 -0.011 0.0 - 0 . 0 1 0 -0.499 - 0 . 1 0 9 - 0 . 1 1 7 - 0 . 2 5 9
0 Y -0.007 -0.519 0.387 0.027 -0.032 C. 114 -0.074 -0.079 - C . 098 0.027 0.0 0.0 0.0 C.O C.C
I -0.007 0.004 0.CC6 0.050 -0.045 - 0 . 178 0.264 -0.440 -0.149 0.410 0.003 0.056 C.O -C.025 0.001
X 0.003 -0.209 -0.319 0.011 -C.014 -C.092 -0.251 -0.085 0.011 0.021 -C.368 -0.020 0.015 -0.071 C. 187
0 Y 0.Uu3 -0.088 -0.123 -0.005 -C.0C6 -0.096 0.259 -0.075 0.219 -0.148 -0.124 0.337 0.046 -0.133 -0.2C9
L -0.003 0.136 0.2C7 -O.C17 -0.0C2 -c.ICO -0.215 -0.120 0.285 0.045 0.237 0.105 -0.061 -0.381 0.178
X -a.004 0.213 0.314 -0.010 C.C19 0.114 0.257 0.091 -O.C32 -0.C17 -0.369 -0.049 0.016 -0.057 C.187
D Y 0.003, -0.054 -0.123 -0.CO6 -0.002 -C. 100 0.286 -0.C77 C.223 -0. 150 0. 123 -0.343 -P.047 0.132 0.209



























































X 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.003 -0.141 0.6B5 -0.347 -0.400
H Y —0,94d -0.012 -0.017 -0.118 -0.075 -0.083 0.006 0.154 0.022 0.109 0.0 0.0 0.0 C.O 0.0
L -0,305 0.258 0.002 0.455 0.257 0.269 -0.150 -0.532 -0.298 -0.475 0.0 0.0 0.0 0.0 O.C
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1
V  -M 1
1 1
X > XI i
z a a
win w(2) Q(3) 014) d (5) 016) 017) 0(8) 0(9) 01 10) 01111 Q( 12) Q( 13) C(14) 0(15)
X 0.0 0.0 0.0 0.0 O.C 0.002 0.001 0.0 0.0 0.0 0.0 0.037 0.187 -0.092 -0.C73
c Y -0.013 -0.018 -0.130 -0.100 -0.106 -0.C17 0.019 0.147 -0.002 -0.114 0.0 -0.003 0.0 0.0 0.0
Z O.UZo 0.004 0.042 0.293 -0.132 -0.148 0.103 0.013 -0.022 0.047 0.0 0.0 -0.001 0.0 0.0
X 0.001 0.0 0.0 0.0 C.O -0.002 -0.004 -0.002 0.0 0.0 0.125 0.066 -0.117 -0.074 O.C
c Y 0.130 -0.024 0.017 0.047 0.C44 -0.133 0.025 -0.133 -0.061 0.010 0.0 -0.002 0.002 C.001 0.0
2 -0.0<*2 -0.067 -0.001 -0.041 0.145 -0.038 0.035 0.007 0.106 -0.090 0.0 0.007 0.002 0.003 O.C
X -0.005 0.005 0.0 0.002 -0.020 0.029 0.009 -0.011 0.011 0.0 -0.009 -0.503 0.120 0.082 -0.207
0 Y -0.519 0.382 -0.049 0.016 0.C38 -0.107 -0.016 -0.105 -0.084 -0.015 0.0 0.0 0.0 0.0 0.0
L 0.033 0.009 0.021 0.045 -C.157 a. 184 0.011 -0.428 -0.161 -0.419 0.009 0.047 -0.010 0.0 O.C
X -0.192 -0.309 0.C53 0.018 -0.103 -0. 130 -0.286 -0.089 -0.004 -0.035 -0.364 0.006 0.C09 C. 080 C.187
D Y —0.Od 7 *r0. 110 0.020 0.005 -0.126 0.273 0.132 -0.C83 0.220 0. 146 -0.114 0.367 0.0 0.1C5 -0.235
Z 0.147 0.209 -0.026 -0.010 -0.091 -0.043 -0.274 -0.098 0.272 —0.C46 0.233 0.050 0.204 0. 3CO C. 160
X o. in 0.320 -0.050 -0.CC8 0.066 0.150 0.267 0.056 0.008 0.026 -0.356 0.028 -0.008 0.071 0.187
D Y -0.092 -0.121 0.017 -0.005 -0.087 0.251 0.150 -0.049 0. 217 0.156 C. 151 -0.303 -0.095 -0.167 0.231


















































X 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.001 -0.054 -0.272 0.376 -0.311
D Y 0.008 0.088 0.632 -0.134 -0.140 -0.134 0.102 0.093 0.031 -0.066 0.0 . 0.0 0.0 0.0 0.0
L -0.085 0.004 -0.014 -0.368 0.331 0.742 -0.532 0.485 -0.262 -0.257 0.0 0.002 -0.002 -0.001 0.0





win 0(2) Q( 3) 0(9) 0(5) QI6) 0(7) Q( 8) Q(9) QUO) 0(111 Q( 12) C( 13) C( 19)
/
0(151
X 0.0 0.0 0,0 0.0 C .CC5 -0.CC1 -0.003 0.0 0.0 C.O 0.002 0.069 -C.159 -0.183 0.C89
c v 0.0 0.002 -0.202 -0.019 -0.C26 0.102 -O.C39 0 .086 -0.023 -0.079 0.0 0.005 C.O 0.001 0.0
i 0. 0 -0.010 0.137 -C.096 -0.C36 0.169 -0.115 -0.007 0.076 -0.012 0.0 0.0 0.0 C.O C.O
X 0.0 0.0 0.0 0.006 0.0 0.001 0.0 0 .0 0.0 0.0 0.093 0.019 0.127 -C.013 -0.-CC3
c V -0.ud3 -0.091 0 .028 -0.030 -0.C66 -0.091 -0.112 0.017 0.C28 0.112 0.0 0.003 -0.009 0.002 0.0
L 0.010 -0.052 -0.027 -0. 102 0.113 -0.C89 0.071 0. 119 0.193 O.C 0.0 0.0 0.0 0.0 0.0
X -O.003 -0.CC6 -0.COB -0.07C -C.0o5 0.009 0.037 -0.003 0.0 0.005 -0.095 -0.659 —C.930 -0.096 -0.531
H V 0. j*.0 0.79 0 -0.009 -0.922 0.C16 0.052 0.132 -0.C89 0.0 17 0.255 C.0C8 0.089 -C.C07 0.017 -C.C09
L 0.190 0.953 0.063 0. 599 -0. 113 -0.351 -0.379 0.300 0. 156 -0.251 0.0 0.0 0.0 0.0 0.0
X 0. 969 -0.253 0.032 -0.1C1 -0.955 -C . 157 0.029 0.098 0.017 -0.020 -0.596 -0.019 -0.078 C.23B 0.225
H V 0.326 -0.129 -0.026 0.5 23 0.355 C.279 0.039 -0.076 0.032 0.2 09 -0.319 0.393 0.169 -0.213 -0.995
L -0.172 0.119 -0.033 0.909 -0.393 0.216 0.956 0.092 0. 183 0.120 0.21C 0.920 -0.393 C.350 —C.158
X -0.993 0.295 -0 .017 C .0 70 C.539 0. 109 -0.057 -0.C39 -0.C15 C. 015 -0.599 -0.056 -C.C67 0.226 0.227
H Y 0.32d -0.139 -0.023 0.965 C .389 0.250 0.017 -0.079 0.031 0.202 0.330 -0.306 -0.123 0.202 0.995
I -0.179 0.129 -0.027 0.937 -C.968 0.210 0.969 0.098 0.188 0.116 -0.200 -0.359 0.369 -0.350 C. 156
X 0.0 0.0 0.0 0.0 C.C O.C C.O 0.0 0.0 0.0 0.0 -0.019 0.033
»
0.085 C.C12
0 Y 0.0 0.0 0.122 0.002 C. 020 0.002 0.068 0.105 -C.106 -0.002 0.0 0.0 0.0 0.0 0.0
I 0.0 0.0 -0.070 0.013 -0.019 -O.C27 -0.037 -0.037 -0.070 0.132 0.0 0.0 0.0 0.0 0.0
X 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.008 0.019 0.029 -C.060
F Y 0.0 0.0 0.011 0.005 C.009 -0.090 0.022 -0.190 0.083 -0.055 0.0 0.0 0.0 0.0 C.C
2 0.0 0.0 -0.009 0.008 0.009 -0.031 0.032 -0.C59 -0.103 -0.097 0.0 0.0 0.0 0.0 0.0
CARTESIAN 01 SPLACEt'ENTS F O R  CH3-C0F
Ull) W12) 013) 0(4) 0(5) 0(6) 0(7) 0( 8) 0(9) Q( 10) Q( 11) Q( 12) QI 13) 0(14)
s
0(15)
X 0.0 0.0 -O.COl 0.0 0.006 -0.002 0.001 -0.002 0.0 0.0 -0.0C1 0.131 -0.150 -C.149 0.07C
C Y -0.006 0.005 -0. 193 -0.113 0.061 0.043 0.034 0.055 -0.010 0.082 0.0 0.005 0.0 C.002 0.0
I O.Q -0.010 0. 129 -0.185 0.C79 C .040 -0.079 -0.C03 0.052 0.018 C.O 0.0 0.0 0.0 C.O
X 0.013 -0.004 0.011 0.010 -C.0C8 -0.031 -C.018 0.023 0.0 0.010 0.141 0.030 0.168 -0.055 0.'CC5
C Y 0.127 -0.027 0.025 0.025 -0.041 -0.093 -C.115 0. 114 0.015 -0.060 0.0 0.010 0.0 0.0C4 0.0
L -0.00/ -0.082 -0.030 0.171 C.160 0.028 0.015 0.060 0.122 0.002 -0,016 -0.013 -0.C47 0.016 O.C
X 0.0 -0.005 0.007 0.029 0. 004 0.023 -0.038 0.018 -0.004 O.OCt -0.035 -0.374 -0.375 -0.019 -0.363
D  Y -0.381 0.431 0.014 0.C24 0.234 -0.186 0.033 -0.C39 -0.004 -0.204 -0.012 -0.03b -0.032 0.0 0.001
L -0.1/2 0.256 0.048 0.082 -0.348 -0.C27 -0. 161 0.398 0. 168 0.253 -0.018 -0.093 -0.C45 -C.017 0.004
X -0.2/5 -0.257 0.C14 -0.103 —C.C71 -0.274 0.113 0.018 0.026 0.015 -0.356 0.020 0.045 0.132 0*166
D Y -0.191 -0.136 -0.0C6 -0.015 -0.177 0.325 -0.050 -0.023 0.033 -0.161 -0.218 0.125 0.159 -0.146 -0.311
L 0.101 0.105 -0.C21 -0.112 -C.154 -0.002 0.347 -0.103 0.199 -0.113 0. 147 0.288 -C.10C 0.316 —0.1C2
X C.i/3 0.264 -0.017 0.085 C.060 0.274 -0.093 -0.027 -0.023 -0.018 -0.386 -0.030 -0.036 0.150 C. 166
D Y -0.182 -G.151 —0.003 0.001 -0.U6 0.274 -0.054 -0.024 C.026 -0.161 0.211 -0.218 -0.174 0.115 0.316


















































X 0.0 0.0 0.0 0.0 0.0 0.001 0.0 0.0 0.0 0.0 o;o -0.015 0.015 0.028 - 0 . 0 7 3
F Y 0.0 0.0 0.010 0.041 -C.C35 -0.025 -0.054 -0.137 0.068 0.048 0.0 .0.0 0.0 0.0 0.0
L —0.002 0.002 -0.002 0.034 —0 .032 -0.004 0.013 -0.055 -0.109 0.096 0.0 0.0 0.0 0.0 0.0











































• • ft 1 , ft ft «00 Q  1 1 01o o
<3 11 LA rgm 1 i—• o org o O 1 o © ©• • • I ft ft ft
o o U  1 1 01Q ©1
O' s* 1rg i © •o
o c>a » PA 4^n
o © O  1 44© o• » • i ft ft •0
-
0





rg i COmrg o O  | 44o
O O G 1 o o C• • • | ft ft *
C G 10  |1 1 o o o
H M 11 CO 44o o 1 cr © c.»
o o © 1 o © o* ft ft 1 ft ft ft
o o 1O  1 1 o © o
rA 1O 1 © CO
IT.nj | 44LA
O O O 1 o © 44• • • | ■ ft ft0 0 O  1 o o o
ft4
t 1 1O' 1 LAO'
» N  I !— f-
o o © 1 o o c
ft ft * | ft ft •00 O 4 1 o o o
rg 1# I parA rg | <-0r-
o o i-4 1 o © oft ft ft 1 ft • ft
o o 1G 1 1 o o o
rg 1O  4 44 o rg00H  | o © o
o o -4 | © •4aft ft • 1 ft ft •
o o 1O  1 1 1 o © c
m4 (s 1r- l >cO «*>x- I o fArgo © •4 | o c 44ft ft ft | ft ft ft
-c
0 O  1 1 o o ©
•o m 1rg 1 g- © -ro — O 1 o r-m
o o O  1 o © ©• • • a ft • •
0 o1 O  11 o o o
-ft IA 1■4- 1 rgrg
O "I rn 1 o rgg-
© o u 1 o O oft ft ft j ft » •
o o  1O  1 1 4 01o 01
m 'O 1 o «"v
© 00 1 rg
c rg © 1 o Q ©» • • | ft • •00 0  |1 1 G O o
0 00
9












1-4 1rg 1 -4
o O  | > O
z> o O  1 o o ©ft ft ft I ft ft ft
o © O  1 o a o
X >-
1 1 1








m  44 j r- g? H  |
X) o 1 r* >r rg | r- 4- rg i
LA O o  1 rg AJ 'T | rg AJ *  Ift • ft 1 ■ • * 1 • • * j
-
0 c O  1 
1
© O  O  I 
1 1





O  rg | GO AJ O  1
o  o CJ I * rn g- | fA IA J
«4ft Q O  1 44 rg.© i «4 rg O  Ift ft ft 1 ft • 9 1 ft • * j
0  ©
1 1













44 ^  | ft- © AJ |
LA m ©  1 o m  la i «4 O' |
-r c ©  1 44 'j’ ©  | h4 ©  1ft ft « i ft ft ft 1 ft • I
0  o
1 1













O  I r— —4 r» i
44 f rcj 44 O' . I O' O' AJ J
*e o ©  1 O *-4 LA | o 44 LA 1
• • ft 1 * ft ft | • ft • 1
0  ©
1
O  1 
1
o O  O  1 
1






LA ©  I p» rg <A |
©  O ©  1 -4- O  W  | fA A- (A |
©  O O  | LA rO ©  \ LA fA O  I
• • • | • • • | • ft • j
0  o
1 1








o ©  1
<r la
1
©  1 O'
1
-4 44 I to t- O' 1
-4 (7* ©  t r-4 pg o» f —4 —4 r- i
©  rg O O  rg | o o rg |
* • ft 1 ft « ■ j • ft • j
o  o  
*




0  O  1
1 1
o c O  1
<g eo
1
LA 1 CD CO O  1 o o i
44 %o QD | aj O' '■A 1 44 O' 'f l
o  ^ o  t O ©  O  | c c O  1
• • ft I » ft ft 1 ft ft • i
©  o  
1
o  1 
1




o O  J
o  o
1
O  1 ©
1
-t m  | LA o A- 1
rg | rA LA ©  1 rg lA O  I
O  PA 44 | O O  O  1 o o o  t
• • • i • ft ft 1 ft ft ■ 1
0  ©
1
C  1 
t








-a* • m O' to 1 O' O' N  |
44 LA O' 1 r- >6 ©  1 LA r- ■O 1
O  rg C  1 o h  fg | O 44 rg I
■ • • i • • • j • ft » |0
-
0




©  O  1 
1





<4 | CD © ©  f
44 LA O  1 O '■a* i 44 <  J
o AJ | 44 Q  AJ | 44 © AJ |








O  O  1 o o O  1
>3- O
1
N  | <3 m  j 44 PA ^  I
fiO-m r\J 1 rg pa 1 PA o O' |
O  44 ©  1 n in rg | PA g* O  |
ft ft • I * • * 1 « • ft j0
-
0




CJ O  I 
1 1






O' AJ 1 44 sT O  1
m  r— 'O 1 CD >0 1 sO X rg I
O  *0 O  1 AJ 44 N1 I rg 44 'J* 1
• » * i • ft • 1 • ft * j00




O C 1 
1 1
O o O  |
(A 1tn i PA
1
-4 LA | PA C' 44 I
44 r- g  i 44 0  rg 1 rg o 44 |
© o O 1 c O  O | o o Q 1ft ft « 1 ft • • i ft ft ft 100




©  O  1 
i i






O' <A 1 <0 * LA |
O  O rg | rg m  I s0 AJ ^  I
©  44 lA | m  — • | fA r4 }








O  ©  1 
1
o o O  1 
1 1
TO 1O  1 pA
1-4 cA I 4- O' 1
AJ CO | TO O  D  1 CO > *0 1
G  44 N  1 AJ N  O  1 rg r4 O I• • • | ft • ft 1 • ft ft 1
© © 
1
O  1 
1







X > isj 1 X >  g  i X > rg 1
ft p4
m  I rg
O Q O  j o  o  o
• • • j • • •
O  O  O  1 0  ©  o1
O' 1 <•400 1 rg
©  O  ©  1 o  o  o
ft ft ft 1 ft ft ft
© O  © 1 1 1 0 © o11
J) IM >f | <n
- « O O I o
©  ©  ©  1 o  o  o
ft ft ft 1 ft ft ft
O  ©  O  1 © o o
(firg aj o © o o o o 
« ♦ • 
o  o  o  I
o







O' f* —i a-© Cft ft ft




o  o  oft ft ft
o  o  o  
I
00 "T A- p*
o  o  oft ft ft
o o  o  
I
00 to  
eg
o  o oft ft ft
o  o  o
1 <
fO V 
c o o  
• • *




o o  o
• ft. ft
o  o  o  
I
*4 O'PA «©
o  —< o
• • •




o  o  
©  ©  o  
• • ■






o o  o
ft ft ft

















o o  o
LO
©  ^
o o oft ft ft© o o 1
o fA
44 o







©  ©  O  1 o ©  o• ft ft 1 ft ft ft
O  ©  O  1 
1 1 o o o1
AJ | <-4© 1 ©
O  O  O  1 © G Oft ft ft 1 ft ft ft
O  © O  1 1 1 o o o1
| X  > IX
o _/o
o o o 
I
m  rg


































































































o  ®  m 
O' m r-
•rfpA N





© o O 1 
1



























































• • * 1 • • • 1 • • • 1 • • • » • * •
o  © © 1 
1















rg | r- o
1
rg | 0  ro
1
» r© O' -fr
' t  c O I •H © 1 C9 rg © 1 rg sf 1 o  0* rg
-» o O | o O 1 rg o O 4 o rg O I o  N O









o O 1 
1 1




o  ©  o




m I in rg
1
N  1 m <-a
1
1 o  O' m
rn O C 1 rg m c  | in * © 1 tn ^ 1 m >f tr
o  © O 1 © o o  | * o O 1 o O st 1 O o
• A A 1 • * • 1 • • » 1 A • • 1 • • •
o  o G I 
1 1
O o o  j 0
1






o  ©  o  
1 4
1
(M «-• \ 
O o  I 





























• A a l a « « 1 A • A 1 • * ■ I » * A
o  c © 1 
1 1
O o O 1 0
1












0  1 ah o ^  1 0
1
^  1 COo  r-
l
i co O' in
0 rg 1 © rg o  1 o O' m i m rg i o  m
© c © 1 o o w  1 o rg O | o © rg I o  O rg
A • « j • • * j • • * 1 • • • i • • •
0 0 Q ( 
4 |
© o O | 0
1












rg p r- O' 1 g* r-
1
1 m 0  ^
I
l o  *-• O'
0 in j r- ® 1 o to rg 1 c O' i rg cr ^
o  © C ) © o © 1 c- ■4 | o O O I O CJ O
• • • i A • • 1 • • • | • • ■ i • * *
O O O 1 
1
o © O 1 
1






0  o  o
1
1




K  1 0 in  -*
i
i O 05 J>
m O' 1 o o O' 1 o O' h- | m p^  m i ^  o  **■
o  o O 1 o © C 1 o rg a4 j O © o * o  o  o
• ■ • i • • * 1 « • • | A • • i • • t






o O 1 
1










CO I rg H  | rg CO £
l
I •J N  H
o  0 p4 j o tn 1 CNI r- 0  1 rg rg m i »f n j O
C O O | © pH C 1 O 1 O rg rg i o  rg rg
• • • 1 • A ♦ 1 • • • i • # « i • • •
© © O 1 
1 4 1



















l ©  ^  O'
o  m rf\ | © cr 0  1 g* m | rg o l O Ml o
o  o o O O 1 © o «t i m m o l m m o
• • • I ■ ♦ • 1 • • • I • • • l • » •
o  © O | 
1


















m 1 © CO
1
rg | r- O CO
l
I O' O  CP
LTVO' l © m 4* 1 rg pH m) I rg r- 1 rg co od
o  o p4 | O o O 1 O m PN I p4 rg o I — ©
* • A j • • • 1 • • * 1 A • • I • • *




o 0  \
1 4
O o 0  r
1 I










m i m 0
t
o  | © -4
l
1 p A rfN
rg rg i © r* eg 1 rg o in i CO<T rg l 0  r- rg
O O © 1 o nA | o »x O 1 © © l ©  O
« • ■ i • * • I * • * i • • • i •  * *




© O 1 
1








o  o  o  
1 1




O' 1 w^ H pA
1
r ^  t -  w
eg 0  1 m p4 j o pH m i *•4m ^ * rg © rg
© r\l o  l o O O | o o g  I o o  o i O O O
• • * 1 • • A | • • i « • # « • • •
o  o © 1 
1 1
© o O 1 
1 1
o o O 1 
i





























— O 0  
p*« m m 
mi rg O
• • • 1 • • • | • • « | ■ • • i • • •




o o 0  1
1 1












£ 1 *v» b*
1
a  1 £
1
•n i 0 ■n o
i
» in
O -h © 1 o 33 o  i -4 >  i n> sf n i 3> n  o
o  o O 1 o O i •a pH ■r i -4 O I ^  «*4
A * * 1 • ■ • i • A • i • • • i • • »
o  o  
1
O  1 
1












N  1 X
i
rg 4 X g  * X V 'J
i





o  o  o  I
rg
C o  o
• • m | t • • •
O O O I 
1 1






00 1 rg 1
o  o  © 1 o o  o 1
f • • 1 • A « t




o  o 1
1
o  j 0
1
1
m i o 1
0  0  0  4 o
00
1» • • 1 • • • 1
1O o  o  I o 0 0
1
1
rg ^  »
1
1
O © 1 o 1
o  o  O 1 o o  o
• • * 1 ■ A •
O © O | 
1 1




O O O 1 o o  o
1
1
• • • 1 ■ « A A 1
0  0  0  4 
i
o o  o 1
1
1
in O | <*> t+)
1
4
&  'T  1 m r- 4
o  o  o  t Q o  o 4
• • • f • A A 1
O O o  1 o o  o 1
1





H N 1 0  pH 1
O O -^ I o o  o 1
* • • 1 • A A 1
O O O 1 
t 1 1





p» f*1 1 O O'
!
i
r* 0  1 m c> i
o  o  O | o o  © i
• • I 1 A A A 4






m 4* i f* O
1
1
O rg 1 O pH 4
O H O o o  o 4
• * • 1 A A A 1
1O O O 1 o o  o
4 1I 1 1■




O O O 1 o o  o t
1 * • 1 • a  A i
0  0  0  4
■ i i
o o  © tiI I I
1




CJ <M 1 rg 1
O CJ O I o o  o 1
» 1 p 1¥ • A A 1
O O O 1 o o  o •
1 1 1 1 1 1A
m 0  i 0 1m ^  | O rg 1
O <J O 1 o O O !• • 1 A A A 4
O O O 1
r i i




oo r- 4 9-4
i
i
m 4- 1 o i
0 ^ 0 4 o o  o i
• • * t m • A i
O O O P 
1 1




0  rg 1 * 1
O O | o i
O O O | o o  o i
♦ * • 1 • A A i
O O O I 
1






O O 1 





• • • 4 • A A i
O o  O 1 o o  o i
1 4
1



































gill U 12) 0(31 0(4) Q (5) Q(6) QI 7) 0(8) Q (9) 0( 10) U(ll) 0( 12) Q( 13) Q(14)
J
0(15)
X 0.0 0.0 0.002 -0.004 0.003 -0.001 0.0 0.0 0.0 0.0 0.0 0.028 -0.104 0.232 0.047
C Y 0.000 -0.008 0. 189 0.010 0.022 0.121 -0.095 0.020 -0.103 0.035 0.0 0.002 0.004 Q.O 0.0
I 0.013 -0.003 - o . m 0.005 0.C48 0.235 -0.131 0.201 -0.011 -0.019 0.0 -0.004 -0.002 0.0 O.C
X -0.0J2 0.0 0,003 -0.007 -C.C07 -0.0C8 -0.006 0.001 0.0 C.O 0.095 0.0C3 0.129 -C.015 -O.C12
C Y 0.043 -0.046 -0.029 0.071 0.C59 -C.018 0.168 0.121 -0.070 -0.022 0.003 0.018 0.002 0.0 0.0
I -0 .Oct 1 -0.016 -0.006 0.083 -0.0C4 -0.122 -0.010 0.075 -0.044 0.177 0.0 -0.002 -0.004 0.0 0.0
X 0.014 0.0 -0.029 0.017 -0.01.1 0.076 0.032 0.0 -0.007 -C.0C4 -0.079 -0.582 -0.492 -0.128 -0.575
Y -0.147 -0.058 0.095 -0.487 -0.137 -0.564 -0.354 0.393 -0.001 -0.246 0.003 -0.027 0.035 0.006 -0.002
I 0.817 0.475 O.C32 -0.016 -0.C59 -0.187 -0.099 0.109 -0.041 0.153 0.0 -0.007 0.003 0.0 C.C
X 0.253 -0.486 -0.051 0.046 -C.417 C.CC3 -0.079 0.0 0.018 -0.020 -0.552 C.031 -0.154 -0.175 0.269
Y -0.174 0.340 -0.084 -0.141 -0.576 C.148 0.146 0.070 -0.067 -0.013 0.336 0.078 -0.520 -0.268 0.219
I 0.057 -0.138 0.024 -0.478 -0,033 0.129 0.229 -0.039 -0.C86 0.284 -0.1C7 0.562 -0.044 -C.O26 -0.435
X -0.250 0.484 0.029 -0.023 0.427 0.022 0.093 O.C -0.012 0.012 -0.529 0.106 -0.082 -0.162 0.266
Y -0. 16*. 0.344 -0.047 -0.158 —0.609 0. 152 0.142 0.050 -0.087 0.019 -0.392 -0.288 0.376 0.24t -C.217
I 0.067 -0.141 0.0 -0.444 -0.C13 0.158 0.277 -0.062 -0.072 0.290 0.127 -0.499 0.105 0.038 0.434
X 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.017 -C.Q92 0.024
Y -0.002 0.002 -0.126 -0.024 0.012 -0.042 -0.066 -0.121 -0.002 0.084 0.0 0.0 0.0 0.0 0.0
L -O.OCb 0.0 0.076 0. Oil -0.C18 -0.036 0.043 -0.02 2 0.207 0.054 0.0 -0.004 -0.002 0.0 0.0
X 0.0 0.0 0.0 0.0 0.0 0.0 C.O 0.0 C.O 0.0 010 0.0 0.001 -0.008 -0.009
Y 0.0 0.0 0.0 0.002 O.C -0.002 0.003 -C.003 0.029 -0.017 0.0 ■ 0.0 0.0 0.0 O.C
I 0.0 0.0 0.002 -0.001 -0.0C1 -0.007 0.005 -0.034 -0.033 -0.045 0.0 0.0 0.0 0.0 0.0







Oil) g(2) c m Q(4) Q(5I 0(6) 0(7) 0(8) 0(9) 0(10) 0(111 Q( 12) 0(13) 0(14)
J
0(15)
X O . C C.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0C1 0.045 -0.143 0-209 -0.C42
c y C. 008 -0.010 0.216 -0.033 0.C73 -C.042 -0.061 -0.025 -0.079 -0.069 0.0 0.003 0.001 0.0 0.0
i -0.009 0.002 -o.oai -0.095 C.176 -C.109 -0.003 0.133 C.013 0.0 0.003 -0.006 -0.006 -0.002 C.O
X 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.131 0.010 0.141 0.029 0.008
c y -0.069 -0.063 -0.031 0. 125 0 .045 0.075 0.137 0.075 —0.066 0.014 0.0 0.0 0.0 0.0 0.0
L C .  1 1 9 -0.033 -0.0C5 0.129 -0.054 0.005 -0.077 0.107 -0.032 -0.143 0.0 0.0 0.0 0.0 0.0
X O.C 0.0 0.0 -C.OOl 0.0 0.0 0.001 0.0 0.0 0.0 0.059 -0.409 -0.206 -0.128 0.405
D y 0.116 -0.061 0.C34 -0.3C7 -0.267 0.226 -0.192 0.368 -0.050 0.224 0.0 0.0 0.0 0.0 0.0
z -0.5/1 0.359 0.041 0.052 -0.124 0.025 -0.160 0. 168 -0.029 -0.104 0.0 0.0 0.0 C.O 0.0
X -0.183 -0.327 0.0 -0.0C6 -C.160 -0.279 —0.061 0.018 -0.015 0.013 0.364 0.045 -0.009 -0.1C5 -0.187
D y 0.139 0.233 -0.023 -0.002 -0.221 -0.246 0.197 0.017 -0.05b -0.017 -0.242 0.102 -0.288 -0.234 -0.169
L -0.C67 -0.079 -0.012 -0.253 -0.083 0.147 0.239 -0.027 -0.033 -0.255 0.062 0.385 -0.033 -0.071 C.296
X 0.183 0.327 0.0 0.006 0.168 0.279 0.041 -0.018 0.015 -0.C13 0.364 0.045 -C.009 -0.105 -0.187
D V O.i/1 0.233 -0.C52 -0.020 -0.178 -C,261 0.2 16 0.042 -0.06 8 0.010 0.244 -0.106 0.283 0.233 0.169
l -0.060 -0.080 0 .0C8 -0.277 -C .040 0.123 0.232 -0.0C3 -0.074 -0.259 -0.062 -0.385 0.033 0.071 -0.296
X 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.001 -0.002 0.029 -0*093 -C.04L
a y -0.00/ 0.004 -0.135 -0.026 -0.010 0.010 -0.097 -0.096 -0.007 -0.085 0.0 0.003 0.001 0.0 0.0
L 0. 003 0.0 0.058 0.010 -0..026 0.008 0.024 -0.006 0.202 -0.029 0.0 0.003 0.001 0.0 0.0
X 0.0 O.C 0.0 0.0 O.C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.002 -0.009 0.012
3R V 0.0 0.0 0.0 0.0 C.C02 0.0 0.003 0.001 0.028 0 .021 0.0 0.0 0.0 0.0 0.0
L O.C 0.0 0.001 0.004 -0.007 0.007 -0.001 -0.038 -0.035 0.043 0.0 0.0 0.0 0.0 0.0
CARTESIAN DISPLACEMENTS FOR --- C03-CQBR
IV-
263
}g(l) 0(2) 0(3 ) 0(*) 0(5) 0(6) 0(7) 0(8) 0(9) 0<1C) 0(11) Q(12) C (13)
/
C(l*) 0(15)
X -0.033 -0.355 0.558 -0.119 -0.911 0.569 -0.051 -0.221 -0.2C8 -0.2*5 0.196 -0.135 0.2*6 C.09* -0.C58
c Y -3.131 0.78* -1.632 -0.363 0.717 -0.712 -0.5(2 -0.378 0.375 -0.126 -C.310 0.3** -0.973 0.082 -0.009
L 0.033 0.107 0.088 -0.057 -0.0*8 -0.223 -0.020 -0. 1*0 0.121 -0.032 -C.*0* -0.195 -0.266 -0.12* C.CC2
X -0.13b 0.280 -0.353 0.0 -0.196 0. 183 0.019 -0.078 -0.**7 0.216 0.011 -0.115 0.009 -c.oic -c:c2*
c Y -0.033 -0.923 1.523 -1.090 -1.6** 1.211 -0.903 -0.9*8 -0.*20 -C.031 0.591 0.203 0.517 0.152 -O.COl
2 -0.072 -0.129 0.026 -0.716 -C.599 0.353 -0.638 -0.962 0.0*9 0.006 -0.237 -0.300 0.132 -0.1*0 0.005
X 0.0 0.0 0.0 0. 0 O.C 0.0 O.C 0.0 0.0 0.0 0.097 -0.029 0.009 0.01* -C.C*5
F Y -0.013 -0.025 0. 138 -0.215 0.1*5 -0.006 -C.155 -0.053 -0.020 0.0*0 0.0 0.0 0.0 0.0 O.C
I -0.00* -0.0B2 0.327 0.0*5 0.313 0.0C8 -0.220 0.556 0.077 -0.087 0.0 0.0 0.0 0.0 0.0
X 0.006 -0.061 0.1C3 0.11* 0.035 0.0*2 -0.0*8 -0.C97 C.061 -0.073 -0.021 0.111 -0.003 0.0*1 0.01*
F Y 0.0**7 -0.010 0.003 0.150 0.181 -0.166 0.0*6 0.218 0.179 -G.032 -0.309 -0.191 0.005 -0.128 -0.0C8
L 0.037 -0.260 0. *53 0.1*0 C.317 -0.CB1 0. 129 0.397 0.378 -G.260 0.188 0.0*2 0.012 -0.020 0.063
X 0.018 0.009 -0.C 35 -0.080 -0.002 -0.075 0.08* 0.130 0.007 0.0*7 -0.075 -0.002 0.097 -0.0C7 C.C16
F Y o.Cl 7 0.069 -0.091 0.113 C. 127 -0.129 0.006 0.188 C.07* 0.030 -0.325 -0.259 -0.198 -0.118 0.01*
I 0.036 -0. 117 0.239 0.3*0 C.212 0.088 0.379 0 .*03 0.0*5 -0.157 -0.188 -0.0*2 -0.012 0.020 -0.063
X 0.0 0.0 0.0 -0.003 0.0 -0.001 -0.00* 0.0 0.002 0.0 O.OCS 0.028 0.0 -0.069 0.1*7
0 Y -0.020 -0.260 0.792 -0.101 -0.253 0.*90 -0.1*3 0.19* -0.181 -0.307 0.155 -0.172 0.*36 -0.0*1 0.CC5
I 0.072 -0.325 0.3** -0.C26 -C.126 -0.057 -0.058 0.C39 -0.057 -0.061 -0.039 -0.091 0.086 -0.038 O.C02
X 0.0 0.0 0.001 -0.007 C.O -0.003 -0.0C8 -0.002 0.00* 0.0 01091 0.26* 0.007 -0.737 -0.565
H Y -1.2 73 0.305 -0.773 -0.15* -0.281 0.5*6 -0.123 —0 • *93 -0.669 -0.180 0.0 .0.0 0.0 0.0 C.O
I 1.308 -0.376 -0.780 0.010 -3.1** -3.108 2.05* -3.615 1.6*0 *.23* -3.*86 -3.001 -0.2*2 -1.5*5 C. C*5







U(l) 0(21 Q(3) 0(4) Q ( 5 I 0(b) Qf 71 Q( 8) 0(9) 0( 10) 0(11) Q( 121 C( 13) C( 14) 0(15)
X 0 • QQa 0.007 0.020 -0.C02 -0.002 -O.COi 0.003 0.011 0.012 -0.008 -0.035 -0.2 35 -0.056 0.067 -0.071
c r 0 • 1 o7 0.103 0.067 0.024 -0.183 -0.036 0.095 -0.013 0. 066 O.C57 -0.017 -0.015 C.001 -O.OOb 0.0
i -0.05o -0.260 -0.036 0.025 -0.004 -0.255 0.036 0.019 0.011 0.032 0. COB 0.007 0.0 O.OC3 C.O
X -O.OU3 -0.004 -O.Oll 0.018 0.005 0.007 0.019 -0.006 -0.015 0.004 0.220 0.043 -0.069 0.071 -c:ci9
c Y -0.017 -0.032 -0.223 0.1C3 0. 027 0.017 0.055 -0.079 -0.C79 0.070 0.025 0.013 -0.017 0.006 0.0
L 0.0 0.005 0.110 0.188 o.cao 0. 103 0. 182 0.092 -0.049 C.0C8 -0.029 -0.036 -0.013 -0.013 0.0
X 0.0 0.0 0.003 -0.CC5 -0.001 -0.002 -0.006 0.004 0.003 0.0 0.007 -0.007 0.150 C.014 -0.048
F Y -0.002 0.009 0.082 -0.106 0.094 -0.020 0.051 -0.059 -0. 070 0.062 0.0 0.0 0.0 0.0 0.0
L 0.005 O.Oll 0.006 -0.028 0.CC2 0.017 -0.121 0.057 0.0 0.120 0.014 0.012 0.0 0.005 0.0
X 0.002 -0.002 0 . 054 0.075 0 .012 -0.013 -0.068 -0.116 0.C28 0.009 -0.073 0.042 -0.Q31 0.CC9 C.C19
F V 0.0 0.0 C.0C8 0.018 -0.001 C.0C6 -0.072 0.062 0.029 -0.013 -0.038 -0.012 -0.110 -0.028 -0.020
I 0.004 0.013 -0.036 -0.C52 C .006 0.031 C.013 -0.057 0.095 -0.019 0.038 -0.088 0.0 -0.092 0.052
X -0.031 0.003 -0.C50 -0.077 -0.013 0.012 0.064 0.118 -0.024 -0.010 -0.071 0.045 -C.029 0.010 0 .019
F Y -0.OD2 -0.0C2 0.008 0.015 -0.002 0.005 -0.077 0.065 C.02S -0.017 0.026 0.006 C. 119 0.025 C.020
L 0.002 0.011 -0.033 -0.048 0.008 0.032 0.016 -0.056 0.091 -0.017 -0.045 0.082 0.002 0.050 -0.052
X 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0C8 0.027 0.0
•
-0.087 C. 139
0 Y -0.030 -0.084 0.0 -0.016 0.007 C .071 -C.OIO -0.023 -0.0C8 -0.134 0.0 0.0 0.0 0.0 0.0
L 0.029 0.115 -0.026 0.012 0.020 -0.088 -0.042 -0.007 -0.1 18 -0.123 0.0 0.0 0.0 0.0 0.0
X 0.0 0.0 0.0 0.0 O.C C.C 0.0 0.0 0.0 0.0 0.043 0.127 -0.003 -0.453 -0.475
0 Y -0.599 0.231 0.0C5 0.053 —0.099 -0.184 0.C95 0.011 0. 125 0.060 C.O • 0.0 0.0 0.0 0.0
L 0.032 0.287 0.393 -0. 163 -0.733 0.725 -0.069 -0.160 -0.414 -0.100 0.0 0.0 0.0 0.0 0.0
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W(l) U(2) Q( 31 Q( 9) 0(5) «(6) 0(7) QU) Q(9) Q( 10) 0(111 0(12) Q( 13) Q (191
y
Q< 15)
X 0.0 0.0 0.0 0.0 C.O O.C 0.0 0.0 0.0 0.0 -0.020 -0.076 C. 099 -C.207 0.119
c r -0.230 -0.009 -0.007 -0,025 C.C 92 C. 039 -0.105 -0.025 -0.002 -0.053 0.0 0.0 O.C 0.0 0.0
i 0.021 -0.032 -0.017 -0.266 0.032 -0.021 0.096 0.0 0.025 0.017 0.002 0.002 0.002 0.0 0.0
X -0.001 -0.001 O.C 0.001 0.0 C.C -0.002 O.C 0.0 0.0 -0.229 -0.071 -0.130 0.018 O'. 007
c Y 0.009 -0.009 0.229 -0.037 —0.C79 -0.077 -0.095 O.C05 0.065 -0.035 0.001 0.0 0. 002 0.0 0.0
L -0.001 0.212 0.059 0.059 C. 110 -0.093 0.093 0.018 0.058 0.025 0,003 0.005 0.0 0.0 0.0
X 0.0 0.0 0.0 -0.001 0.0 0.0 0.0 O.C 0.0 0.0 -0.009 0.190 0.023 -0.099 —C.079
F Y -0.001 -0.079 -0.029 0.020 C.C68 -0.123 0.037 0.017 -0.063 0.039 0.0 0.0 0.0 0.0 0.0
I 0.0 -0.080 -0.C98 0.067 0.027 -0.036 0.019 0.093 0.157 -0.023 0.0 0.0 0.0 0.0 0.0
X 0.002 0.093 -0.069 -0.020 -C.079 -C.CG9 -0.078 -0.037 0.019 0.0 0.079 -0.025 -0.032 0 .020 0.C96
F Y 0.009 0.039 -0.093 -C.011 -0.057 C .062 0.026 0.069 0.025 -0.016 0.062 -0.059 -0.089 -0.032 -0.051
I -0.003 -0.035 0.017 0.009 -0.C38 0.097 -0.068 -0,039 -0.009 0.100 -0.005 -0.093 0.088 0.028 -C.070
X o.u -0.099 0.065 0.018 0.073 0.089 0.078 0.036 -C.018 0.001 0.079 -0.026 -0.032 0.02C C.C96
F Y 0.009 0.039 -0.098 -0.012 -0.C57 C.061 C.027 0.063 0.025 -0.016 -0.063 0.058 0.089 0.032 0.051
Z -0.003 -0.035 0.016 0.005 -0.038 0.098 -0.067 -0 .038 -O.OC9 0.C99 0.006 0.099 -0.087 -0.029 C.070
X 0.0 0.0 0.0 0.0 O.C 0.0 0.0 0.0 0.0 0.0 0.005 0.009 0.099
•
0.198 0.061
□ Y 0.150 0.012 -0.019 0.. 009 0.119 0.091 -0.116 -0.012 -0.015 -0.052 0.0 0.0 0.0 0.0 0.0
Z - O . u l l -0.020 0.028 0.017 -0..061 -0.035 -0.056 0.155 -0.115 -0.003 -0.001 -0.002 0.0 0.0 0.0
X 0.0 0.0 0.0 0.0 C . C 0.0 0.0 0.0 0.0 0.0 0.001 0.0 0.012 0.0C1 -0.089
CL Y C.003 0.002 0 . 0 0 1 0.023 -C.C29 -0.005 0.055 -0.063 -0.009 0.098 0.0 . 0.0 0.0 0.0 0.0
2 0.002 0.029 -0.015 0.029 0.009 0.003 0.058 -0.059 -0.050 -0.107 0.0 0.0 0.0 0.0 0.0






7. Significance Matrix 
Each significance matrix requires three pages to com­
plete. The columns correspond to each of the normal co­
ordinates while the rows are the appropriately labeled 
force constants. The elements of the significance matrix 
are the changes (in wave numbers) of each normal coordinate 
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, SIGNIFICANCE MATRIX   CH3-C0H
26 CC..CO 0.0 0.00 0.01 -0.63 0.00 0.11 -0.05 0.02 0.16 0.04 0.0 0.0 0.0 0.0 0.0
27 CC..U 0.00 0.01 -0.15 -0.02 -o.oc -0.02 -0.02 -0.12 -0.06 0.01 0.0 0.0 o.c 0.0 0.0
28 CC.•XCX* -0.00 0.02 -0.00 -0.04 -C.C6 0.78 0.71 -0.79 0.29 -0.17 0.0 0.0 0.0 ■ 0.0 0.0
29 CC..XCX 0.00 0.03 -0.00 0.36 0.3C 0.19 1.22 0.39 -1.09 0.01 0.0 0.0 0.0 0.0 0.0
30 CC..CCX 0.0 -0.02 -0.01 0.25 0.01 -0.67 -1.34 -1.74 2.14 -0.27 0.0 0.0 o.c c.o 0.0
31 CC..CCX* U.00 -0.02 0.C1 -0.52 -0.04 -0.29 -0.66 1.93 -1.43 0.41 0.0 0.0 0.0 c.o 0.0
32 cc..uci 0.0 -0.00 0.00 0.83 0.02 0.76 -0.70 0.83 -0.36 ■-0.18 0.0 0.0 0.0 0.0 0.0
33 CC..ucc 0.0 0.00 -0.01 0. 17 -0.00 -0.08 0.06 -1.41 0.03 0.64 0.0 0.0 0.0 0.0 0.0
34 cc..zee 0.0 0.0 0.01 -0.97 -0.01 -0.66 0.66 0.51 0.31 -0.49 0.0 0.0 0.0 0.0 0.0
35 CX1 ..LH -3.51 3.23 0.01 0.00 -O.OC 0.00 0.00 0.00 -0.00 -0.00 0.0 0.0 0.0 0.0 0.0
36 CX».XcX* 0.63 -0.17 0.0 0.00 -0. 17 -0.06 0.06 0.02 0.01 0.02 0.0 0.0 0.0 0.0 0.0
07 CX* ..XCX -0.58 -0.29 0.00 -0.01 0. 08 -0.01 0.08 -0.01 -0.04 -0.00 0.0 0.0 0.0 0.0 0.0
38 CX'..CCX 0.48 0.29 0.01 -0.01 0.01 0.01 -0.18 0.03 0.03 0.03 0.0 0.0 0.0 0.0 0.0
39 CX'.LCX* -0.38 0.20 -0.02 0.02 -0.06 0.01 -0.08 -0.06 -0.05 -0.05 0.0 0.0 0.0 0.0 0.0
40 CX..CX6 0.97 2.01 0.00 0.00 O.CC 0.00 0.0 0.00 0.00 0.00 -3.12 -0.00 -0.00 -0.00 -0.00
41 ex..XCX* -0.47 -0.39 0.00 o.oc -o.ca 0.09 0.08 0.03 -0.02 -0.02 0.0 0.0 0.0 0.0 0.0
42 ex..XCX 0.28 -0.33 0.00 -0.01 -0.05 0.02 0.07 -0.01. 0.03 0.00 0.92 -0.29 0.07 -C.Oi -0.00
43 CX4.XCX4 0.28 -0.33 0.00 -0.01 -0.05 0.02 0.07 -0.01 0.03 0.00 -0.82 0.08 -0.09 0.01 0.00
44 CX4.CCX5 -0.18 0.36 0.01 -0.00 -o.oc -0.07 -0.12 0.04 -0.09 -0.01 0.57 0.04 0.21 0.03 -0.00
45 CX4.CCX* 0.36 0.47 -0.02 0.02 -0.01 -0.06 -0.12 -0.12 0.06 0.04 0.0 0.0 0.0 c.o 0.0
46 CX4.CCX4 -0.18 0.36 0.01 -0.00 -0.00 -0.07 -0.12 0.04 -0.09 -0.01 -0.53 -0.C5 -C.32 -0.03 0.00
47 CO..tL 0.0 0.0 -0.24 0.04 -O.Cl -0.02 0.00 -0.00 -0.02 0.00 0.0 0.0 0.0 0.0 0.0
48 CO..OCX 0.00 0.0 0.01 -1.54 0.13 0.86 0.20 O.OL -0.12 -0.04 0.0 0.0 0.0 0.0 0.0
49 CO..OCC -0.00 0.0 -0.02 -0.32 -0.04 -0.09 -0.02 -0.03 0.01 0.15 0.0 0.0 0.0 0.0 0.0
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1 K < C = 0 ) G . 0 0 0 . 0 0 . 0 0 . 6 3 0 . 0 8
S I G N I F I C A N C E  M A T R I X  -  
0 . 0 1  0 . 0 0  O . O C 0 . 0 2
C D 3 - C G H
0 . 0 0
O•o o • O 0 . 0 0 . 0 0 . 0
2 K ( C - 2  J 3 . 2 5 0 . 0 0 . 0 0 0 . 0 O . C 0 . 0 1 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
3 K I C - U 0 . 0 0 - 0 . 0 0 . 0 2 0 . 1 7 0 . 0 1 0 .  71 0 . 0 0 0 . 1 3 0 . 1 2 0 . 0 6 0 . 0 0 . 0 0 . 0 0 . - 0 0 . 0
4 K I C - X I 0 . 0 0 0 . 7 5 1 . 4 0 0 . 0 0 . 0 0 . 0 0 0 . 0 0 0 . 0 1 0 . 0 0 0 . 0 0 2 . 3 1 0 . 0 0 0 . 0 0 . 0 0 0 . 0 0
5 M C - X I  ■ 0 . 0 1 . 5 6 0 . 6 6 0 . 0 0 - 0 . 0 0 0 . 0 0 C . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
6 H I C L U t 0 . 0 3 0 . 0 3 0 . 0 0 . 0 4 0 . 0 7 0 . 2 3 0 . 0 3 0 . 7 4 0 . 1 0 1 . 0 8 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
7 H lit Cl  1 O.Ul 0 . 0 0 0 . 0 1 . 0 0 4 . 7 3 0 . 0 0 0 . 0 0 0 . 2 7 0 . 1 1 0 . 0 6 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
8 H ( C C 2  1 0 . 0 1 0 . 0 6 0 . 0 1 . 4 3 3 . 6 2 0 . 2 6 0 . 0 2 0 . 1 1 0 . 0 0 0 . 6 3 0 . 0 0 . 0 0 . 0 0 . 0 0.0
9 H U C X I 0 . 0 0 . 0 5 0 . 0 5 0 . 0 1 0 . 0 0 2 . 1 3 2 . 6 1 1 . 0 9 0 . 7 2 0 . 0 0 0 .  1 6 9 . 0 3 0 . 7 3 0 . 1 2 0 . 0 0
1 0 H ( X C X ) 1 0 . 0 0 . 1 2 0 . 0 3 0 . 0 0 0 . 0 1 0 . 5 9 6 . 9 0 0 . 4 7 0 . 0 1 0 . 1 5 0 . 0 0 . 0 0 . 0 0 . 0 0.0
1 1 H I X C C ) 0 . 0 0 0 . 0 3 0 . 0 5 0 . 0 3 o.oc 2 . 1 5 0 . 2 1 0 . 1 9 2 . 7 7 0 . 1 9 0 . 0 7 0 . 4 2 0 . 8 3 6 . 1 7 0 . 0 8
1 2 H 1XCC 1 * 0 . 0 1 0 . 0 7 0 . 0 3 0 .  1 9 o.oc 0 . 5 2 0 . 1 0 2 . 6 8 1 . 1 0 0 . 9 6 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
1 3 H ( W A G ) 0 . 0 0 . 0 3 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 1 0 . 0 8 3 . 6 2 0 . 1 3 0 . 0 1
1 4 H ( T U r t S ) 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 O . C o.a C . O 0 . 0 0 . 0 0 . 0 0 . 0 4 1 . 0 7 0 . 4 8 1 9 . 6 9
1 5 F ( X— X) 0 . 0 0 0 . 1 4 3 . 1 7 0 . 0 0 - 0 . 0 0 1 . 2 1 1 . 2 3 0 . 6 0 0 . 3 6 - 0 . 0 0 0 . 9 6 4 . 4 7 0 . 3 7 0 . 0 5 0 . 0 0
1 6 F ( X— X ) * 0 . 0 0 0 . 6 6 1 . 6 2 0 . 0 1 0 . 0 1 0 . 3 3 3 . 4 5 0 . 3 1 0 . 0 0 0 . 0 6 - 0 . 1 6 - 0 . 0 0 - 0 . 0 0 - O . O C 0 . 0 0
1 7 F I X — L ) 0 . 0 1 0 . 6 4 0 . 9 3 C . 4 2 0 . C 1 0 . 5 3 0 . 1 5 2 . 9 7 3 . 2 2 0 . 9 1 0.68 0 . 2 3 0 . 5 5 3 . 7 9 0 . 0 5
1 8 F 1 0 — C l 0 . 0 1 0 . 0 1 0 . 0 2 0 . 0 2 0 . 0 5 0 . 3 6 0 . 0 2 0 . 1 8 0 . 3 8 0 . 9 6 0 . 0 0  . 0 0 . 0 0 . 0 C . O
1 9 F I C - 2  1 1 . 7 5 0 . 0 3 0 . 0 1 0 . 4 0 1 . 8 6 1 . 0 3 0 . 0 0 0 . 2 7 0 . 0 8 0 . 1 8 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
2 0 F I O — I 1 1 . 9 3 0 . 0 0 . 0 0 . 1 7 2 . 7 2 - 0 . 0 0 0 . 0 0 0 . 0 9 0 . 0 3 0 . 0 1 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
2 1 C I X — 0 1 0 . 0 2 0 . 2 6 0 . 5 5 0 . 1 1 0 .  15 C .  8 0 0 . 3 7 2 . 0 1 3 . 9 7 6 . 5 8 0 . 9 4 0 . 3 2 1 . 4 2 2 . 5 8 4 . 3 8
2 2 C I A — X *  1 1 . 5 7 0 . 3 2 0 . 1 9 0 . 9 0 5 . 4 6 0 . 5 1 G . 2 5 1 . 3 8 3 . 5 9 1 . 0 2 0 . 2 6 0 . 2 3 - 0 . 0 5 6 . 9 3 1 . 5 7
2 3 HOL.TtN. - 0 . 0 0 - 0 .  1 6 - 0 . 0 8 - 0 . 0 5 - 0 . 0 1 - 2 . 8 4 - 0 . 7 4 - 2 . 1 6 - 2 . 0 0 - 0 . 6 1 - 0 . 1 4 - 0 . 4 0 - 0 . 9 8 - 2 . 1 2 - 0 . 0 3
2 4 C C . . C X * O . ' J O 0 . 0 1 - 0 . 2 6 - 0 . 0 4 - 0 . 0 1 0 . 1 0 - 0 . 0 0 0 . 0 0 - 0 . 0 1 - 0 . 0 1 0.0 0 . 0 0.0 0.0 0.0















0.00 -0.64 0.C6 0.15 -0.00
Cs*0•01 0.09 3.02 O.C 0.0 o.c 0.0 o.c
27 CC..C2 -0.13 -0.00 -0.01 -0.02 -O.OC -0.15 0.00 -C .03 -0.02 0.01 0.0 0.0 c.c 0.0 0.0
28 CC..ACX* -o.OO 0.00 0.05 0.C5 C. 02 1.37 0.15 -C.55 -C.08 -0.19 0.0 o.c 0.0 ■ 0.0 0.0
2 9 CC..XCX - Q . ' J O 0.0 0.10 0.13 0.02 3.49 -0.24 -1.15 -0.85 0.01 0.0 o.c 0.0 0.0 0.0
30 cc..ccx “0 .00 0.00 -0. 10 0.18 -0.02 -3.49 -0.06 0.45 1.60 -0.30 0.0 o.c 0.0 0.0 0.0
31 cc..ccx* 0.01 -0.00 -0.05 -0.35 -0.01 -1.18 0.03 1.15 -0.74 0.46 0.0 0.0 0.0 0.0 0.0
32 CC..UCZ 0.00 c.o -0.00 0.82 0.47 -C. 11 -0.00 0.36 -0.23 ‘ -0.12 0.0 0.0 0,0 0.0 0.0
33 CC..UCC -0.01 0.0 0.0 0.16 -0.05 -0.79 0.01 -0.64 0.22 0.49 0.0 0.0 0.0 0.0 o.c
3* CC..ACC 0.01 -0.00 0.01 -0.96 -0.36 0.83 -0.0.1 0.24 0.01 -0.39 0.0 0.0 0.0 0.0 0.0
35 cx» . . l h -0.00 -3.00 2.72 -0.00 -O.OC 0.01 -0.01 -0.00 -O.OC -0.00 0.0 0.0 0.0 0.0 0.0
36 CX*.ACX* -0.00 0.66 -0.26 -o.co -O.CC 0.09 -0.29 -0.01 0.00 0.02 0.0 0.0 0.0 0.0 0.0
37 CX*..XCX -0.00 -0.77 -0.52 -0.01 -0.01 0.23 0.16 -0.03 0.02 -0.00 0.0 0.0 0.0 0.0 0.0
38 CX* ..ccx -0.00 0.64 0.52 -0.02 0.01 -0.30 0.06 0.00 -0. 10 0.03 0.0 0.0 o.c 0.0 0.0
39 CX' .ccx* 0.00 -0.63 0.28 0.04 0.C1 -0.10 -0.03 -0.01 C.02 -0.06 0.0 0.0 0.0 0.0 0.0
40 CX..CX5 -0.00 0.77 1.39 O.OC -o.oc 0.00 0.00 o.co -0.00 0.00 -2.32 -0.00 -0.00 -o.oc -0.00
41 ex..ACX* -0.00 -0.79 -0.53 0.00 0.01 0.10 0.20 0.13 -c.oo -0.03 0.0 0.0 0.0 0.0 o.c
42 CX. .XCX O.CO 0.41 -0.52 0.00 c.oc 0.13 -0.15 0.14 -0.02 0.00 1.26 -0.38 -C.03 0.01 0.00
43 CX4.XCX4 0.00 0.41 -0.52 0.00 C .00 0.13 -0.15 0.14 -0.02 0.00 -1.19 0.24 0.02 -0.02 0.00
44 CX4.CCX5 0.0 -0.29 0.54 0.01 -o.oc -0.17 -0.04 -0.06 0.00 -0.02 0.85 0.06 -0.03 0.07 -c.oo
45 CX4.CCX* 0.00 0.63 0.58 -0.04 -0.01 -0.11 0.04 -0.36 -0.03 0.06 0.0 0.0 o.c 0.0 0.0
46 CX4.CCX4 0.0 -0.29 0.54 0.01 -o.oc -0.17 -0.04 -0.06 0.00 -0.02 -0.81 -0.07 C.C2 -0.15 0.00
47 CO..Cl -0.25 0.00 0.0 0.03 -0.01 -0.02 -0.00 O.OC -0.01 0.00 0.0 0.0 0.0 0.0 0.0
48 CU..OC2 0.01 -0.00 -0.00 -1.56 1.21 -0.01 0.00 -0.03 -0.09 -0.02 0.0 0.0 0.0 0.0 0.0
49 CO..OCC -0.02 -0.00 0.0 -0.31 -0.16 -0.09 -0.00 0.05 0.08 0.09 0.0 0.0 c.o 0.0 0.0






i SIGNIFICANCE MATRIX   CD3-CCH
51 CZ..UCZ 1 o • N \T\ 0.00 0.00 1 o • o 0* -0. 15 C.01 0.00 -0.04 0.02 -0.01 0.0 0.0 1
O*o C.O 0.0
52 cz..occ 0.60 0.00 0.0 -0.01 0.02 0.C8 0.00 0.05 -0.02 0.04 0.0 0.0 0.0 o.c 0.0
53 CZ.■zee —0 .2 9 -0.01 -0.00 0.04 0.06 -0.09 -0.00 -0.02 -0.00 -0.04 0.0 0.0 o.c • c.o 0.0
54 XCa *.XCX 0.00 -0.22 0.11 0.02 0.C2 3.40 -11.53 1.23 0.09 -0.05 0.0 0.0 0.0 0.0 0.0
55 XCX*.ccx 0.0 0.17 -0.10 0.03 -0.02 -2.17 -3.62 -1.33 -1.04 0.47 0.0 0.0 0.0 0.0 0.0
56 XCX'CCX' -0.00 -0.17 -0.06 -0.04 -0.01 -0.95 2.44 -3.37 0.10 -0.85 c.o o.c 0.0 -o.o 0.0
57 xcx..xcx 0.00 0.05 0.05 0.01 0.00 2.25 2.62 0.95 0.69' 0.00 -0. 16 -9.09 -0.86 -0.14 -0.00
58 XCX..CCX O.u -0.08 -0.10 0.03 -0.01 -3.99 1.44 -I.00 -3.13 -0.03 0.22 -3.53 1.64 1.16 0.02
59 XCX.CCX1 -0.01 0. 17 -0.10 -0.13 -0.01 -2.47 -0.49 -6.45 2.49 -0.03 0.0 0.0 0.0 C.O 0.0
60 XCX5CC X4 0.0 -0.08 -0.10 0.0 3 -0.01 -3.99 1.44 -1.00 -3.13 -0.03 -0.22 4. 14 -1.54 -2.43 -0.03
61 CCX.ccx* —0 .01 -0. 12 o . u -0.19 0.02 3.18 -0.33 1.81 -5. 15 -1.40 0.0 0.0 0.0 0.0 0.0
62 CCX5CCA4 0.00 0.03 0.05 0.03 0.00 2. 15 0.21 0.19 2.77 0.19 -0.07 -0.41 -0.81 -6.33 -0.08
63 CCX* .u c z 0.01 -0.03 0.01 -0.85 -0.2C 0.02 -0.03 1.58 0.65 -0.51 0.0 0.0 O.C c.o 0.0
64 CCX*.u c c -0.03 -0.09 0.00 -0.17 0.04 0.69 0.10 -2.81 -C.69 2.02 0.0 0.0 O.C 0.0 0.0
65 ccx*.zee 0.02 0.13 -0.00 1.04 0.31 -0.73 -0.08 1.08 -0.05 -1.60 0.0 0.0 0.0 0.0 0.0
66 CCZ..OCC -0.03 0.02 0.00 0.39 -1. 14 0.02 -0.01 -C.93 -0.21 -0.55 0.0 0.0 0.0 0.0 o.c
67 OCZ..ZCC 0.01 -0.03 0.0 -2.22 -8.56 -0.06 0.01 0.35 -0.02 0.38 0.0 0.0 o.c 0.0 0.0
68 CCC..ZCC -0.03 -0.09 0.00 -0.46 1.06 -0.49 -0.04 -0.62 0.01 -1.72 o.c 0.0 0.0 0.0 0.0
69 M A G . T U R S 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00 - o . u -3.88 -0.53 -0.96
70 M . R K . m A G 0.0 0.0 0.0 0.0 0.0 0.0 C.O 0.0 0.0 0.0 -0.07 -0.51 -4.73 2.26 - 0 . C 7
71 M  .l)F . M A G 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.10 2.63 -4.97 C.36 -0.01
IV-271).
1 K (C=U»





7 H IGCl I
8 H ICCZ )
9 H (XCX)
10 HUCXI*




15 F (X— X)
16 F ( X--A) •
17 F IX— C)
18 F (0— C)
19 FIC-Z I
20 FID— I )





0 . 0 0 0 . 0 0 0 . 0 5 C . 6 1 0 . 0 1
S I G N I F I C A N C E  M A T K I X  -  
O . C l  0 . 0 2  0 . 0 2 O . C l
C H 3 - C O O  
3 . 0 0 0 . 0 0 . 0 0 . 0 o • o








0  . 0 0 . 0 2 . 3 2 0 . 0 7 O . O C 0 . 0 0 - 0 . 0 0 0 . 0 0 O . O C 0 . 0 0 0 . 0 0  . 0 0 . 0 0 . 0 0 . 0
0 . 0 0 . 0 1 O . C O 0 . 1 5 - 0 . 0 0 0 .  1 4 0 . 5 2 0 . 0 5 0 . 2 5 0 . 0 7 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
0 . 9 0 2 . 0 9 - 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0 0 . 0 0 3 . 1 2 0 . 0 0 . 0 0 O . O C 0 . 0 0
2 . 2 9 0 . 7 5 0 . 0 O . O C 0 . 0 0 . 0 0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
0 . 0 1 - 0 . 0 0 0 . 1 0 0 . 0 2 0 . C 1 0 . 0 0 C .  7 0 0 . 1 0 0 . 0 1 1 . 4 1 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
0 . 0 0 . 0 0 . 0 1 0 . 4 5 - c . o o 0 . 0 2 2 . 3 0 1 . 0 7 0 . 9 0 '  0 . 0 7 0 . 0 0 . 0 0 . 0 c . o 0 . 0
0 . 0 1 0 . 0 0 0 . 0 6 0 . 6 8 0 . 0 1 0 . 0 1 0 . 4 6 1 . 9 0 0 . 7 7 0 . 8 5 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
0 . 3 2 0 . 0 1 0 . 0 1 0 . 0 7 5 .  5 5 2 . 4 6 0 . 0 2 0 . 4 4 0 . 3 2 0 . 0 0 0 . 0 6 1 2 . 8 3 0 . 6 9 0 . 0 7 0 . 0 0
0 . 0 4 0 . 0 1 0 .  oc 0 . 0 1 7 . 3 5 3 . 4 2 0 .  13 0 . 1 1 0 . 0 6 0 . 0 9 0 . 0 0 . 0 O . C 0 . 0 0 . 0
0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 4 0 . C 6 4 . 0 3 0 . 0 3 1 . 6 4 1 . 4 6 0 . 1 2 0 . 0 2 0 .  8 0 S .  9 5 0 . 1 4 0 . C 6
0 . 0 2 0 . 0 1 0 . 0 8 0 . 3 4 0 . 9 5 2 . 0 5 0 . 7 2 1 . 4 4 1 . 3 3 0 . 5 7 0 . 0 0 . 0 0 . 0 0 . 0 o . c
0  . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 O . C 0 . 0 0 . 0 0 O . O C 0 . 2 9 2 . 9 3 0 . 0 1
U . O 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 0 . 0 0.0 0 . 0 0 . 0 0  . 0 0 O . O C C . 4 6 2 3 . 8 1
0 . 5 7 4 . 4 9 0 . 0 1 0 . 0 2 2 . 6 8 1 . 3 2 0 . 0 2 0 . 2 C 0 . 1 5 0 . 3 0 1 . 5 8 6 . 2 4 0 . 3 C 0 . 0 4 O . C O
0 . 9 6 2 . 5 7 0 . 0 0 0 . 0 1 3 . 4 5 1 . 8 2 O . O B 0 . 0 6 0 . 0 2 0 . 0 4 - 0 . 2 1 - O . O C - O . O C 0 . 0 - 0 . 0 0
1 . 3 8 1 . 4 6 0 . 0 6 0 . 4 5 0 .  5 8 2 . 1 5 2 . 0 5 1 . 8 7 2 . 5 7 0 . 6 3 1 . 4 0 0 . 4 7 5 . 4 3 C . 0 9 0 . 0 5
0.00 0 . 0 1 0 . 0 2 G . 0 1 0 . 0 0 0.  1 6 0 . 2 2 0 . 0 3 0 . 3 4 1 . 2 4 0 . 0 0 . 0 O . C C . O 0 . 0
0 . 0 1 0 . 0 1 1 . 0 6 0 . 2 0 O . O C 0 . 0 5 0 . 1 3 1 . 4 9 1 . 0 5 0 . 2 6 0 . 0 0 . 0 o . c 0 . 0 0 . 0
0 . 0 0 . 0 1 . 0 4 0 . 3 7 O . O C 0 . 0 2 1 . 2 4 0 . 6 5 0 . 3 5 0 . 0 2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0











0 . 3 2 1 . 0 2 0 . 2 6 0 . 1 2 2 . 4 1 0 . 1 4 1 . 3 8 7 . 0 9 1 . 1 5 0 . 4 5 0 . 6 5 7 . 6 7 C . 3 9 2 .  C l
- 0 . 0 5 - 0 . 0 3 - 0 . 0 1 - 0 . 0 1 - 0 . 2 5 - 6 . 7 C - 0 . 4 0 - 1 . 8 1 - 1 . 5 0 - 0 . 3 6 - 0 . 0 5 - 0 . 2 6 - 4 . 1 5 0 . 0 4 - 0 . 0 3
- 0 . 0 1 - 0 . 1 4 - 0 . 0 0 - 0 . 0 1 O . O C 0 . 0 1 - 0 . 0 4 - 0 . 0 0 0 . 0 1 - 0 . 0 2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0




SIGNIFICANCE MATRIX -------  CH3-CCD









27 CC..CZ 0 . 0 0 0 .0 0 - 0 . 0 9 - 0 . 2 4 o.cc - 0 . 0 3 0 .01 O.OC - 0 . 0 5 C.OO 0 .0 0 . 0 0 .0 0 .0 0 . 0
28 CC..XCX* - 0 . 0 0 0 .02 - 0 . 0 0 - 0 . 0 5 0.03 1.42 -C.5B - 0 . 1 7 0.22 - 0 . 1 6 0 . 0 0 . 0 0 . 0 • 0 .0 0 .0
29 CC..XCX 0 . 0 0 0 .03 - 0 . 0 1 0 .3 6 0 .16 1.67 - 0 . 3 7 0.40 - 0 . 8 4 0 .01 0 . 0 0 . 0 0 . 0 0 .0 0 .0
30 CC..CCX - 0 . 0 0 - 0 . 0 2 - 0 . 0 1 0 . 2 5 0 .0 0 - 2 . 0 9 - 0 .  33 - 0 . 9 C 1.71 - 0 . 2 6 0 .0 0 . 0 c.o 0 .0 0 .0
31 CC..CCX* c.oo - 0 . 0 2 0 .02 - 0 . 4 9 -O.CO - 1 . 0 7 1 .27 0.49 - 1 . 1 8 0 .39 0 .0 0 . 0 0 . 0 0 . 0 0 .0
32 CC..JCZ 0 .0 - 0 . 0 0 0 . 0 0 0.  58 -O.OC 0.  11 2 .15 - 0 , 5 0 - 0 . 9 7 - ■ - 0 . 1 4 0 . 0 0 . 0 0 . 0 0 . 0 0 .0
33 CC..OLC -O.uO 0.00 - 0 . 0 2 0 .1 4 o.c - 0 . 0 3 - 1 . 1 9 - 0 . 1 7 0 .0 7 0.61 0 .0 0 . 0 0 . 0 0 . 0 0 .0
34 CC..2CC 0 .00 0.0 0 .0 2 - 0 . 7 1 0 . 0 0 - 0 . 0 8 - 0 . 9 0 0 .6 0 0.87 - 0 . 4 9 0 . 0 0 . 0 0 . 0 0 . 0 0 .0
35 CX1. .CH — 3 .5 4 3 .27 0 .00 - 0 . 0 0 -o.oc 0 .0 C. 00 0 .0 0 -O.OC - 0 . 0 0 0 .0 0 . 0 0 . 0 0 . 0 0 . 0
36 CX* .XCX' 0 . 6 3 - 0 .  17 - 0 . 0 0 0 .0 0 - 0 . 2 1 0 .03 0 .0 1 0 .0 0 0 .0 1 0 .0 2 0 .0 0 . 0 0 . 0 0 . 0 0 . 0
37 CX* . .XCX - 0 . 5 7 - 0 .  30 0 .0 0 - 0 . 0 1 0 .1 0 0 .03 0 .0 1 - 0 . 0 1 - 0 . 0 3 - 0 . 0 0 0 .0 0 . 0 0 .0 0 . 0 0 . 0
38 CX*. .ccx 0 .4 8 0 .3 0 O.CO - 0 . 0 1 0 .02 - 0 . 1 6 0 .01 - 0 . 0 1 0.04 0 .03 0 . 0 0 . 0 0 .0 0 . 0 0 .0
39 CX*.ccx* - 0 . 3 8 0 .1 9 - 0 . 0 1 0 .01 - 0 . 0 6 - 0 . 0 7 - 0 . 0 4 - 0 . 0 2 - 0 . 0 5 - 0 . 0 5 0 . 0 0 . 0 0 . 0 0 .0 0 .0
40 CX..CX5 0 .9 8 2 .00 0 .0 - 0 . 0 0 0 .0 0 .0 0 0 . 0 0 - 0 . 0 0 0 .0 0 0 . 0 0 - 3 . 1 2 -o.oc -o.oc 0 .0 - 0 . 0 0
41 CX. .XCX' - 0 . 4 8 - 0 . 3 9 0 .0 0 .0 0 - 0 . C 7 0 .  15 0 .0 2 0 .0 0 - 0 . 0 2 - 0 . 0 2 0 . 0 0 . 0 o.c 0 . 0 0 .0
42 CX..XCX 0 .2 8 - 0 . 3 3 0 . 0 0 - 0 . 0 1 - 0 . 0 7 0.10 0.01 - 0 . 0 1 0 .02 O.OC 0.92 - 0 . 2 9 0 .07 - 0 . 0 1 - 0 . 0 0
43 CX4.XCX4 0 .2 8 - 0 . 3 3 0 .0 0 - 0 . 0 1 - 0 . 0 7 0.10 0.01 - 0 . 0 1 0 .02 0 .0 0 - 0 . 8 2 0 . 0 8 - 0 . 0 8 0 .01 c.oo
44 CX4.CCX5 - 0 . 1 8 0. 36 0 .0 0 - 0 . 0 1 - 0 . 0 0 - 0 . 1 8 0 .0 1 0 .00 - 0 . 0 6 - 0 . 0 2 0 .5 7 0 .0 4 0.22 0 .01 - 0 . 0 0
45 CX4.CCX* 0 .3  7 0.45 - 0 . 0 1 0 .0 3 0 . 0 - 0 . 1 9 - 0 . 0 7 - 0 . 0 4 0 .05 0 .04 O.C 0 . 0 0 .0 0 . 0 0 .0
46 CX4.CCX4 - 0 . 1 8 0 .3 6 0 .00 - 0 . 0 1 -O.CC - 0 . 1 8 0 .0 1 0 . 0 0 - 0 . 0 6 - 0 . 0 2 - 0 . 5 3 - 0 . 0 5 - 0 . 3 4 - 0 . 0 1 0 .0 0
47 C0. .C2 0 .0 0 0 .0 - 0 . 6 5 0.41 -O.CC - 0 . 0 1 0.00 - 0 . 0 0 - 0 . 0 1 0 .0 0 0 .0 0 . 0 0 . 0 0 . 0 0 .0
48 CO..UCZ - 0 . 0 0 0.00 0 . 0 3 - 1 . 0 4 -o.co 0 .0 3 0 . 3 9 0.32 - 0 . 2 1 - 0 . 0 3 0 . 0 0 . 0 0 . 0 0 .0 0 .0
49 CO. .OCC 0 . 0 0 .0 * - 0 . 1 4 - 0 . 2 4 - 0 . 0 2 - 0 . 0 1 - 0 . 2 2 0 .1 0 0 . 0 2 0. 15 0 .0 0 . 0 c.o 0 . 0 0 . 0





SIGNIFICANCE MATRIX -------  CH3-CUD
51 CZ..UCZ o.oc
Oo•01 -0.20 -0.37 o.oc -0.01 0.01 -0.03 0.07 -0.01 0.0 0.0 0.0 C.O 0.0
52 CZ..UCC 0.0 0.0 0.98 -C.08 o.oc o.oc -0.03 -C.01 -0.01 0.01 0.0 0.0 0.0 0.0 0.0
53 CZ..zee 0.00 -0.00 -0.72 0.53 -0.01 0.01 -0.02 0.01 -0.08 -0.C2 0.0 0.0 0.0 -o.o 0.0
55 xcx*.xcx -0.08 0.03 -0.00 -0.05 -17.57 8.96 0.15 -0.80 -0.58 -0.03 0.0 0.0 0.0 0.0 0.0
55 xcx* .ccx 0.06 -0.03 0.00 -0.05 0.57 -13.30 0.22 0.90 0.63 0.28 0.0 0.0 0.0 0.0 0.0
56 XCX'CCX* -0.05 -0.02 0.00 0.13 5.23 -5.61 -0.65 -1.03 -0.70 -0.50 0.0 0.0 0.0 0.0 0.0
57 XCX..xcx 0.02 0.01 0.01 0.03 5. 52 2. 08 0.02 0.52 0.31 ’' 0.00 -0.06 -13.02 -0.77 -0.08 -0.00
53 xcx..ccx -0.03 -0.03 0.02 0.11 1. 76 -7.09 0.05 -1.9C -1.58 -0.02 0.08 -6.03 5.37 -0.25 0.02
59 XCX.ccx* 0.06 -0.03 -0.06 -0.37 -5. 16 -8.75 -0.53 2.21 1.73 0.00 0.0 0.0 O.C 0.0 0.0
60 XCA5UCX5 -0.03 -0.03 0.02 0.11 1.76 -7.09 0.05 -1.90 -1.58 -0.02 -0.08 6.67 -5.71 0.2C -0.03
61 ccx.ccx* -0 .0 5 0.05 -o.oa -0.30 -0.27 7.77 -0.25 -5.39 -5.55 -0.85 0.0 0.0 0.0 0.0 0.0
: 62 CCX5CCX5 0.01 0.01 0.01 0.05 0. 06 5.03 0.03 1.65 1.56 0.12 -0.02 -0.78 -9.06 -C.16 -0.08
63 ccx*.ocz -0.00 0.00 0.05 -0.75 0.07 -0.36 2.55 -2.68 2.11 -0.52 O.C 0.0 0.0 0.0 0.0
65 CCX*.UCC -0.03 -0.00 -0.18 -0.18 0.18 0.13 -1.30 -0.91 -0.18 1.75 0.0 0.0 0.0 0.0 o.c
65 ccx*.zee 0.03 0.0 0.15 0.96 -0.21 0.32 -1.10 3.32 -2.07 -1.53 0.0 0.0 0.0 0.0 0.0
66 OCZ..UCC 0.00 -0.00 -0.05 C.21 0.01 -0.01 -2.58 0.68 -0.15 -0.68 0.0 0.0 O.C 0.0 0.0
67 ocz..zee -0.00 -o.co 0.05 -1.08 -0.00 -0.03 -1.56 -3.39 -1.86 0.56 0.0 0.0 O.C c.o 0.0
63 OCC..ZCC -0.02 0.0 -0.15 -0.25 -0.02 0.01 1.16 -0.95 0.13 -2.26 0.0 0.0 0.0 0.0 0.0
69 WAw. luiiH 0.0 0.0 0.0 0.0 0.0 0.0 0,0 C.O 0.0 0.0 0.0 -0.00 0.07 -2.26 -1.5C
70 M.RK.rfAG 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.02 -0.16 -5.35 1.58 -0.10





» SIGNIFICANCE MATRIX   CD3-C0D
' 1 K (C*Q1 0.0 0.0 0.05 0.63 0.03 O.OC 0.00 0.00 0.01 0.00 0.0 0.0 0.0 0.0 0.0
• 2 K CC-2 ) 0.0 0.04 2.28 0.06 O.OC 0.00 -0.00 0.0 0.00 0.00 0.0 0.0 0.0 C.O 0.0
3 K CC-C) 0.30 0.02 0.00 0.19 0.65 0.00 0.01 0.16 0.13 0.05 C.O 0.0 0.0 ' 0.0 0.0
4 K CC-XI 0.75 1.37 0.03 -O.CC 0.00 0.00 0.00 0.00 0.00 0.00 2.31 0.00 0.00 O.OC -0.00
j 5 ML-X)1 1.56 0.65 0.01 0.0C 0.00 0.00 -0.00 0.00 0.00 0.00 0.0 0.0 0.0 0.0 0.0
i —— ------- .—  --------------------------------—---------------------------      — -------------------- —----------------------------------------------------------—  ------------------  -  — _
' 6 HCLLG1 0.U3 0.00 0.10 0.02 0.27 0.01 0.09 0.62 0.11 1.07 0.0 0.0 0.0 0.0 0.0
7 H (OCX 1 0.00 0.00 0.01 0.45 1.03 2.21 0.77 0.01 0.30 0.04 0.0 0.0 0.0 '0.0 0.0
8 H <CC2 ) 0.04 0.0 0.06 0.67 0.24 1.74 0.43 0.78 0.05 0.71 0.0 0.0 0.0 0.0 0.0
9 H (XCXI 0.05 0.05 0.0 0.01 1.58 3.64 0.18 0.49 0.66 0.00 0.16 9.26 0.61 O.OC 0.00
10 H(XCX)1 0.12 0.02 0.00 0.0 0.53 4.34 2.83 0.27 0.01 0.15 0.0 0.0 0.0 0.0 C.O
11 H CXCC) 0.03 0.04 0.02 0.02 1.52 0.38 0.91 -O.CO 2.50 0.20 0.07 0.40 4.01 3.06 0.07
: 12 HCXCC1* 0.06 0.04 0.04 0.16 C.53 0.49 0.03 2.40 0.95 0.96 0.0 0.0 0.0 0.0 0.0
13 H (mAl,) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.01 0.02 2.09 1.11 0.01
14 H 1rokil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O.CC 0.11 0.45 18.66
15 F (X— X) 0.14 3.10 0.07 0.0 0.88 1.88 0.10 0.26 0.33 0.00 0.96 4.6C 0.30 0.00 0.00
16 FIX— XI* 0.66 1.57 0.04 0.00 0.30 1.41 2.2C 0.18 0.00 0.06 -0.16 0.00 0.00 O.OC -0.00
17 F (X— C) 0.84 0.94 0.04 0.43 0.43 0.38 0.43 2.60 3.00 0.89 0.88 0.22 2.46 1.85 0.04
18 F 10— C) 0.02 0.02 0.02 0.01 0.39 0.01 0.06 0.14 0.40 0.93 0.0 0.0 0.0 0.0 O.C
19 FIC-i } 0.02 0.08 1.00 0.15 0.19 1.01 C.34 C.99 0.20 0.22 0.0 0.0 0.0 0.0 0.0
20 FCU— i ) 0.0 0.02 1.03 0.37 0.63 1.06 0.48 C.Oi 0.09 0.01 0.0 0.0 0.0 0.0 0.0
21 C (X— U) 0.28 0.54 0.10 0.05 0.74 0.55 0.49 1.89 3.72 6.43 0.95 0.25 2.90 1.09 4.11
22 CCX— X*I 0.28 -0.01 1.19 0.28 0.62 1.76 0.22 2.49 4.29 1.19 0.26 0.29 2.95 3.58 1.53
23 MOL.TEN. -0.16 -0.09 -0.01 -0.04 -2.17 -1.21 -1.24 -1.32 -1.81 -0.61 -0.14 -0.45 -2.25 -0.80 -0.02
24 CC..CX1 0.01 -0.24 -0.01 -0.C4 0.06 0.01 -0.00 0.02 -0.01 -0.01 0.0 0.0 0.0 0.0 0.0








' SIGNIFICANCE MATRIX   CD3-C0D
2b CC..CG 0.0 -0.01 0.02 -0.69 0.29 -0.01 -0.01 -0.05 0.09 0.02 0.0 0.0 0.0 0.0 0.0
27 CC..CZ 0.0 0.06 -0. 17 -0.22 -0.C5 -c.oo -0.00 0.02 -0.02 0.01 0.0 0.0 0.0 0.0 0.0
28 CC..XCX* 0.00 . 0.05 
.J_____
0.0 C.05 1.23 -0.15 0.37 -0.69 -0.09 -0.18 0.0 0.0 0.0 0.0 0.0
29 cc. .xcx -G.UO 0.10 0.0 0.16 2.90 0.28 -0.16 -0.87 -0.87 0.02 0.0 0.0 0.0 0.0 0.0
30 cc..ccx y .00 -0.09 -0.02 0.17 -2. 77 -0.09 -0.27 0.00 1.62 -0.29 0.0 0.0 0.0 0.0 0.0
31 CC..CCX* 0.00 -0. 06 0.02 -0.36 -1.13 -0.09 -0.06 1.25 -0.73 0.63 0.0 0.0 0.0 0.0 0.0
32 CC..OCZ 0.0 -0.00 0.01 0.58 1.66 -0.15 -0.22 -0.12 -0.61 -0.09 0.0 0.0 0.0 c.o 0.0
33 CC..QCC G.UO 0.01 -0.03 0.13 -0.83 0.01 0.05 -0.65 C.26 0.66 0.0 0.0 0.0 0.0 0.0
3* cc../cc 0.0 -0.01 0.03 -0.70 -0.75 0.16 0.12 0.71 0.16 -0.39 0.0 0.0 0.0 0.0 0.0
35 CX*..CH -3.01 2.63 0.05 -O.OC 0.01 0.00 -0.00 -0.00 -0.00 -0.00 0.0 0.0 0.0 0.0 0.0
36 CX'.XCX* 0.86 -0.26 -0.00 -0.00 0.05 -0.16 -0.10 -0.03 O.OC 0.02 0.0 0.0 0.0 0.0 0.0
37 CX* . .XCX -0.78 -0.53 0.00 -0.01 0.12 0.30 0.00 -0.05 0.01 -0.00 0.0 0.0 0.0 0.0 0.0
38 CX*..CCX 0.t>6 0.68 0.06 -0. 01 -0. 17 -0.10 -0.00 -0.00 -0.08 0.06 0.0 0.0 0.0 0.0 0.0
39 CX*.ccx* -O.o2 0.33 -0.06 0.03 -0.06 -0.09 0.00 0.05 0.01 -0.06 0.0 0.0 0.0 0.0 0.0
60 CX..CX5 0.78 1.35 0.03 0.00 O.OC 0.00 0.00 0.00 0.00 0.00 -2.32 -0.00 -o.oc -o.oc 0.00
61 ex..xcx* -0.79 -0.53 -0.00 0.0 0. 10 -0.02 0.28 0.08 -O.OC -0.03 0.0 0.0 0.0 0.0 0.0
62 ex..xcx 0.61 -0.52 0.00 a.o 0.12 -0.01 -0.07 C. 08 -0.01 0.00 1.26 -0.39 -0.00 0.00 -0.00
63 CX6.XCX6 0.61 -0.52 0.00 0.0 0.12 -0.01 -0.07 0.08 -0.01 0.00 -1.19 0.25 -O.Cl -o.oc 0.00
66 CX6.CCX5 -0.29 0.50 0.05 0.00 -0.15 -O.OC -0.12 0.00 -0.00 -0.02 0.85 0.06 -0.0 2 0.05 -0.00
65 CX6.CCX* 0 .66 0.67 -0. 10 -0.02 -0.12 -0.01 -0.03 -0.29 -0.03 0.06 0.0 0.0 0.0 0.0 0.0
66 CX6.CCX6 -0.29 0.50 0.05 0.00 -0.15 -0.00 -0. 12 0.00 -0.00 -0.02 -0.82 -0.07 -0.03 -0.1c 0.00
67 CO..cz 0.0 -0.01 -0.66 0.39 -0.01 0.00 0.00 -0.00 -0.01 0.00 0.0 0.0 0.0 0.0 0.0
68 CO..OCZ 0.0 0.00 0.03 -1.06 0.37 0.17 O.U 0.01 -0.13 -0.02 0.0 0.0 0.0 0.0 0.0
69 CO..JCC -0.01 -0.00 -0.13 -0.23 -0.1S -0.01 -0.06 0.09 0.08 0.09 0.0 0.0 0.0 0.0 0.0





SIGNIFICANCE MATRIX -------  CD3-C0D
51 CZ. . JCZ 3.0 -0.01 -0.21 -0.35 -0.06 0.06 0.01 1 O • O O 0.03 -0.01 O•O 0.0 0.0 0.0 O.C
52 CZ..UCC 0.01 0.02 0.95 -0.08 0.C2 -0.01 -0.01 -0.04 -0.02 0.02 0.0 0.0 0.0 0.0 0.0
53 CZ..ZCC - J .00 -0.01 -0.69 0.40 0.02 -C.C8 -0.03 0.03 -0.01 -0.03 0.0 0.0 0.0 ■ 0.0 0.0
5* XCX*.XCX -0.22 0. 11 0.00 0.02 2.75 2.12 -12.62 0.85 0.12 -0.06 0.0 0.0 0.0 0.0 0.0
55 XCX*.ccx 0.17 -0.09 -0.00 0.02 -1.87 1.83 -7.11 -0.05 -0.98 0.48 0.0 0.0 0.0 0.0 0.0
56 XCX*CCX» -0.17 -0,06 0.00 -0.04 -0.92 2.44 -0.98 -2.46 0. 11 -0.84 0.0 0.0 0.0 0.0 0.0
57 X C X ..xcx 0.05 0.05 0.0 0.01 1.67 3.70 0.06 0.43 0.64' 0.00 -0.16 -9.38 -0.70 -o.oc -0.00
58 xcx..ccx -0.08 -0. 09 0.00 0.03 -2.80 1.23 -2.21 -0.04 -2.87 -0.04 0.22 -3.49 2.84 -0.08 0.02
59 xcx.ccx* 0.17 -0.13 -0.00 -O.li -2.18 -0.15 -2.35 -4.51 2.22 0.00 0.0 0.0 0.0 0.0 0.0
60 XCX5CCX4 -0.08 -0.09 0.00 0.03 -2.80 1.23 -2.21 -0.04 -2.87 -0.04 -0.22 4.14 -3.40 -0.56 -0.C3
61 ccx.ccx* -0.12 0. 12 -0.07 -0. 15 2.69 1.64 0.04 -0.21 -4.58 -1.42 0.0 0.0 0.0 0.0 0.0
62 CCX5CCX4 0.03 0.04 0.02 0.02 1.52 0.38 0.91 -0.00 2.50 0.20 -0.07 -0.39 -3.84 -3.33 -0.07
63 ccx*.ucz -0.01 0.01 0.03 -0.52 -1.41 2.44 0.08 -0.68 1.02 -0.41 0.0 0.0 0.0 0.0 0.0
64 ccx' . U C C -0.09 -0.02 -0.12 -0.12 0.76 -0.10 -0.12 -2.48 —0.66 2.01 0.0 0.0 0.0 0.0 0.0
65 ccx*.zee 0.10 0.01 0.09 0.65 0.71 -1.50 -0.43 2.74 -0.45 -1.69 0.0 0.0 0.0 C.O 0.0
66 UCZ..0CC 0.01 -0.00 -0.05 0.20 -1.01 -O.U -0.79 0.09 -0.37 -0.44 0.0 0.0 0.0 0.0 0.0
67 ocz..zee -0.01 0.00 0.04 -1.07 -0.87 -0.42 -4.65 -0.38 -0.27 0.30 0.0 0.0 0.0 0.0 0.0
68 OCC..ZCC -0.08 -0.00 -0. 14 -C.24 0.52 0.45 0.31 -1.45 0.14 -1.81 0.0 0.0 0.0 0.0 0.0
69 UAG.TJRS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00 -0.02 -0.91 -1.42 -1.14
70 M.KK.wAG 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.07 -0.25 -8.13 5.35 -0.08








SIGNIFICANCE MATRIX -------  CH3-CDF
1 K (C=Q) 0.0 0.0 0.64 0.0 0.00 0.00 0.02 0.01 0.00 0.00 0.0 0.0 0.0 C.O 0.0
2 K IC-Z > -0.00 0.00 0.07 0.02 0.01 0.35 0.13 0.52 0.00 0.00 0.0 0.0 0.0 c.o 0.0
3 K IC-CJ 0.0 0.00 0.15 0.01 0.13 0.37 0.32 0.16 0.06 0.00 0.0 0.0 0.0 -c.o 0.0
4 K (C-XI 2.41 0.50 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 3.10 0.03 -0.00 0.00 0.00
5 KIC-XI* O.bO 2.45 0.00 0.01 -0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.0 0.0 0.0 0.0
6 HICCUJ 0.01 0.00 0.07 0.02 o.oc 0.80 0.05 0.03 0.15 1.58 0.0 0.0 0.0 0.0 0.0
7 H (OCZ J -0.00 0.0 0.12 0.04 0.02 0.53 0.26 0.01 1.18 • 0.18 0.0 0.0 0.0 0.0 0.0
a H (CCZ ) 0.01 0.00 0.38 0.00 0.00 0.03 0.08 0.06 0.49 0.69 0.0 0.0 0.0 0.0 0.0
9 H (XCXI 0.00 0. 06 0.00 7.56 0.01 0.71 0.01 0.00 0.02 0.00 0. 16 11.12 2.65 c.oc 0.09
10 H(XCX)• 0.06 0.00 0.03 0.88 9.32 0.82 0.09 0.11 0.01 0.05 0.0 0.0 0.0 c.o 0.0
11 H (XCC) 0.0 0.03 0.04 0.98 2.86 0.95 1.80 0.02 0.01 0.05 0.01 1.64 4.44 2.19 0.20
12 HIXCC)* G.02 0.00 0.22 2.65 C. 2 9 L.24 2.06 0.26 0.04 0.35 0.0 0.0 0.0 0.0 0.0
13 H triAG) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.01 0.12 1.40 3.15 3.17
14 H (TUHS) 0.0 0.0 0.0 0.0 0.0 0.0 c.o 0.0 C.O 0.0 0.00 O.OC 0.13 1.05 17.19
15 F (X— XI -0.05 4.98 0.00 4.19 0.00 0.29 0.01 0.00 0.01 0.00 1.40 5.85 1.28 0.00 0.05
16 Fix--xl* 2.79 0.70 0.01 0.33 4.67 0.42 0.09 0.06 0.01 0.02 -0.20 -O.OC O.CO -O.OC -0.00
17 F (X— C) 1.37 1.54 0.37 1.78 0.98 1.91 3.32 0.63 0.24 0.23 1.41 0.86 2.86 1.33 0.12
18 F (0— C) 0.01 0.00 0.04 0.03 0. 14 0.15 0.30 0.31 0.20 0.83 0.0 0.0 0.0 0.0 0.0
19 FIC-Z I 0.00 0.01 0. 11 0.04 0.02 -0.01 -0.01 0.56 0.62 0.59 0.0 0.0 0.0 0.0 0.0
20 FID— 2 I -0.00 0.0 0.07 0.01 0.00 0.11 0.05 0.61 0.63 0.10 0.0 0.0 0.0 c.o 0.0
21 C ( X— 01 1.00 0.42 0.19 2.59 1.05 1.68 4.09 1.68 1.01 4.56 1.39 0.90 2.43 2.48 1.79
22 C(X— X* I 0.37 0.01 0.2 2 0.42 1.65 0.21 1.47 C.44 1.88 2.00 0.26 1.37 4.76 0.20 7.46
23 MOL.IfcN. -0.04 -0.05 -0.11 -3.17 -3.82 -2.21 -0.55 -0.22 -0.04 -0.19 -0.07 0.81 -4.24 -0.43 0.05
24 CC..CX* 0.05 -0. 18 *-0.02 0.02 -O.OC -0.05 0.00 -0.03 -0.00 -0.00 0.0 0.0 0.0 0.0 0.0








' SIGNIFICANCE MATRIX   CH3-C0F
26 CC••CO 0.0 0.00 -0.61 0.00 0.05 -C.05 0. 17 0.09 -0.01 0.00 0.0 0.0 0.0 0.0 0.0
27 CC..C2 -0.00 0.00 0.20 0.02 -0.08 -0.71 -0 .Al 0.58 -0.01 -0.00 0.0 0.0 O .G o.c 0.0
28 CC. .XCX* 0.01 ^ -0.00 0.13 -0 . 1A 2.28 -1 • 1A -0.36 -0.28 -0.06 -0.01 0.0 o.c 0.0 0.0 c.o
29 CC..XLX -0.01 O.OA 0.03 0.75 -0.16 1.39 -0.22 0.02 -0.10 -0.00 0.0 0.0 0.0 0.0 0.0
30 CC..ccx o.u -0.03 0. 22 -C. 19 -1.72 -1.77 2.1A -0.20 0.05 -0.01 0.0 0.0 0.0 0.0 0.0
31 CC..ccx* -0.01 -0.00 -0.35 -0.23 —0. A1 1.3A -1.65 C.A1 0.09 0.02 0.0 0.0 0.0 0.0 0.0
32 CC..UC2 0.0 -0.00 0.26 -0.03 0.09 0.88 0.56 0.07 -0.5A' -0.01 0.0 0.0 0.0 0.0 0.0
33 CC..UCC 0.00 -c.oo 0.21 0.02 -O.OA -1.C8 -0.25 0.1 A 0.19 0.03 0.0 0.0 0.0 0.0 0.0
3* CC..2CC -0 .00 0.01 -0.A7 0.01 -O.OA 0.20 -0.32 -0.21 0.3A -0.03 0.0 0.0 0.0 0.0 0.0
35 CX* ..Cri -3.30 3.09 0.00 0.02 -O.OC 0.00 -0.00 0.00 0.00 -0.00 0.0 0.0 0.0 c.o c.o
36 CX'.XCX* 0.37 0. 1A -0.01 -0.21 -0.1C 0.07 -0.00 0.02 0.00 0.02 0.0 0.0 0.0 0.0 0.0
37 CX1 ..xcx -0.11 -1.05 0.0 0.77 O.OC -0.11 -o.co -0.00 0.00 0.00 0.0 0.0 0.0 0.0 0.0
38 ex*..ccx 0.01 O.SA -0.01 -0.33 -0.03 C.10 -0.01 0.01 -0.00 0.02 0.0 0.0 0.0 0.0 0.0
39 CX'.CCX* -0.23 0. 19 0.02 -0.39 O.OC -0.10 -C.03 -0.03 -0.00 -0.05 0.0 0.0 0.0 0.0 o.c
AO CX..CX5 2.A1 0.50 0.00 0.00 O.OC 0.00 0.01 0.00 o.co 0.00 -3.10 -0.03 -O.QO -o.oc -c.oo
Al ex..XCX* -0.98 0.09 -0.02 -0.17 0.36 0.03 0.06 0.02 0.01 -0.01 0.0 0.0 0.0 0.0 0.0
A2 CX..XCX 0.19 -0.35 -0.00 0 . 3 A -0.01 -0.03 0.02 -0.00 0.01 -0.00 1.A1 -1.23 o.oc -o.cc -C.02
A3 CXA.XCXA 0.21 -0.35 -0.00 0.30 -0.01 -0.03 0.C2 -0.00 O.Oi -0.00 -1.35 1. 11 -0.03 O.OC 0.02
AA CXA.CCX5 0.02 0.26 -0.01 -0.13 -0.21 0.03 -0.21 0 . 0 1 -0.00 -0.01 0. AO 0. AS -0.02 0.18 C.03
A5 CXA.CCX* 0.70 0. 11 0.03 -0.33 -0.05 -0.07 0.27 -0.03 -0.01 0.03 0.0 0.0 0.0 0.0 0.0
A6 CXA.CCXA 0.02 0.26 -0.01 -0. 13 -0.21 0.03 -0.21 0.01 -0.00 -0.01 -0.36 -0.A7 -0.05 -0.21 -0.03
A7 CU..C2 -0.00 -0.00 -0.A2 0.00 -0.02 O.OA -0.11 0.15 0.00 -0.00 0.0 O.C 0.0 0.0 0.0
A8 CO..OCL 0.0 -0.00 -0.55 -0.01 0.02 -0.05 0.16 0.02 O.OA -O.OA 0.0 0.0 0.0 0.0 0.0
A9 CO..UCC 0.00 -0.00 -0.A3 0.01 -0.01 0.06 -0.07 O.OA -0.02 0.11 0.0 0.0 0.0 0.0 0.0





















SIGNIFICANCE MATRIX —  








0.00.0 0.0 0.14 0.03 O.Cl 1.06 0.15 C.25 -0.02 -0.17 0.0 0.0
53 cz *. zee 0.0 0.00 -0.32 0.01 0.02 -0.20 0.21 -0.37 -0.03 0.10 0.0 0.0 0.0 o.c 0.0
54 xcx*.xcx -0.04 -0.02 0.01 -5.35 1 » w at
1 
1
-2.47 0.09 -0.04 0.05 0.02 0.0 0.0 0.0 0.0 0.0
55 xcx*.ccx 0.0 0.02 0.09 2.52 -14.67 2.55 -1.33 0. 14 -0.03 0.14 0.0 0.0 0.0 0.0 0.0
56 XCX'CCX* -0.07 0.00 -0. 15 3.08 -3.37 -2.18 0.82 -0.36 1
in0•01 -0.28 0.0 0.0 0.0 0.0 0.0
57 XCX..xcx 0.00 0.06 0.00 7.56 0.01 0.71 0.01 0.00 0.02 ' 0.00 -0. 16 -11.06 -2.85 -o.oc -o.es
58 XCX..ccx o.uo -0.09 0.00 -4.46 -0.39 -1.87 -0.45 -0.01 -0.02 0.01 0.09 -8.34 6.71 -0.25 -0.29
59 XCX.CCX* 0.02 -0.04 -0.00 -12.36 -0.01 2.63 0.17 0.02 -0.08 -0.10 0.0 0.0 0.0 0.0 0.0
60 XCX5CCX4 -0.00 -0.09 0.01 -5. 07 0. 10 -1.74 -0.35 -0.01 -0.02 0.02 -0.09 8.54 -7.09 0.03 0.26
61 CCX.ccx* 0.0 0.03 -0.24 5.04 2.0 2 -2.96 -5.87 -0.28 0.04 -0.41 0.0 O.C 0.0 C.O C.O
6.2 CCX5CCX4 0.0 0.03 0.04 0.98 2.86 0.95 1.80 0.02 0.01 0.05 -0.01 -1.61 -4.48 -2.26 -0.21
63 CCX*.ocz 0.00 0.00 -0.32 0.63 -0. 13 1.61 -1.46 0.09 -0.43 -0.51 0.0 0.0 0.0 0.0 0.0
64 CCX*.UCC -0.03 0.00 -0.25 -0.43 0. 07 -2.02 0.62 0.18 0.14 1.44 c.o 0.0 O.C 0.0 0.0
65 ccx*.zee 0.02 -0.01 0.58 -0.15 0.07 0.37 0.84 -0.26 0.26 -I. 01 0.0 0.0 0.0 0.0 0.0
66 OCZ..UCC -0.00 0.00 0.19 -0.05 -0.01 -1.29 -0.22 0.03 -0.84 -1.09 0.0 0.0 . 0.0 0.0 0.0
67 ocz..zee 0.0 -c.oo -0.42 -0.02 -0.02 0.24 -0.29 -0.04 -1.53 0.70 0.0 0.0 0.0 0.0 0.0
68 occ..zee -0.01 -0.00 -0.34 0.02 0.01 -0.30 0.12 -0.09 0.54 -2.14 0.0 0.0 0.0 0.0 0.0
69 MAe.TUKS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.cc 0.04 0.87 3.62 -16.90
70 M . KK * W AO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.03 -1.15 -7.15 7.31 1.84







SIGNIFICANCE MATRIX -------  C03-C0F
1 K (C=U) 0.0 0.0 0.64 0.00 0.00 0.01 0.02 0.00 -0.00 0.00 0.0 0.0 0.0 O.C 0.0
2 K (C-I 1 -0.00 -0.00 0.07 0.4C 0.13 0.05 0.02 C.42 -0.00 0.00 0.0 0.0 0.0 0.0 0.0
3 K (1>C) 0.00 O.Oi 0.15 0.73 0.03 0.00 0.16 0.04 0.08 0.00 0.0 0.0 0.0 ■ 0.0 0.0
4 K (C-X) 1.27 0.83 -0.00 0.00 0.01 0.00 C.OO - o . c o 0.00 0.00 2.29 0.02 0.01 o.oc o.co
5 K(C-X)• 0.99 1.24 0.00 0.00' O.Oi 0.01 o.oo -0.00 -0.00 0.00 0.0 0.0 o .c 0.0 0 .0
6 H(CCO) 0.03 0.00 0.07 0.63 0.20 0.21 0.00 0.02 0.15 1.35 0.0 0.0 0.0 0.0 0.0
7 H (UCZ ) 0.00 -0.00 0.12 0.60 0. 16 0.03 0.22 0.02 i . o r 0.15 0.0 0.0 0.0 0.0 0.0
S H (CCL ) 0.03 0.00 0.37 O.OC 0.00 0.09 0.26 0.00 0.38 0.60 0.0 0.0 0.0 0 .0 0 .0
9 H (XCX1 0.03 0.11 0.00 0.23 3.30 2.47 C.Ol 0.00 0.09 0.00 0.27 5.32 4.65 o.oc 0 .07
10 H(XCX)• 0.15 0.00 0.01 0.74 0.24 5.98 1.09 0.03 0.07 0.07 0.0 0.0 0.0 0.0 0.0
11 H (XCC) 0.01 0.08 0.02 1.25 l . o e O.OC 2.04 0.42 0.10 0.10 0.06 1.94 1.60 2.67 0.14
12 H(XCC)' 0.07 0.31 0.15 0.00 2.42 0.08 0. 66 1.38 0.06 0.52 0.0 0.0 0.0 O.C 0 .0
13 H (MAC) 0.0 0.0 0.0 0.0 0.0 0.0 C.O 0.0 0.0 0.0 0.03 0. 84 1.76 2.33 2.31
14 H (TUKi) 0.3 0.0 0.0 0.0 0.0 0.0 0.0 C.O 0.0 0.0 O.OC 0.03 0.13 0.47 12.97
15 F IX— X) -0.19 3.42 0.00 0.12 2.03 1.28 0.02 0.00 0.05 0.00 0.86 2.80 2.46 O.OC 0.04
lb FIX— X)' 1.22 1.05 o.oc 0.36 0. 19 2.97 0.60 0.01 0.04 0.03 -0.15 -O.OC -O.CC - o . o c -0.00
17 F (X— C) 0.63 1.05 0.34 C.88 1.45 0.09 2.57 1.25 0.48 0.35 0.66 1.08 1. 16 1.64 0.08
18 F (J— C) 0.02 O.Oi 0.04 C. 25 0.25 0.12 0.27 C.02 0.24 0.70 0.0 0.0 0.0 0.0 0.0
19 F(C-Z ) 0.02 0.02 0.10 -0.02 0.16 0.02 0.07 0.46 0.57 0.49 0 . 0 0.0 0.0 0.0 0.0
20 F(0— Z ) 0.00 0.00 0.07 0.10 0.05 0.04 C .29 0.44 0.50 0.07 0.0 0.0 0 . 0 0 . 0 0 .0
21 C (X— 0) 0.44 0.41 0.1b 0.68 1.44 0.29 3.13 1.85 1.48 4.46 0.90 1.01 0.86 2.47 1.37
22 C(X— X* ) 0.29 0.01 0.21 0.2C 0.31 0. 08 1.62 0.03 2.24 1.93 0.14 1.88 2.02 0.94 5.57
23 MOC.TtN. -0.14 -0. 12 -0,0b -0.75 -3.55 -2.29 -0.21 -0.51 -0.20 -0.29 -0.17 1.06 -3.5C -0.59 0 .03
24 CC..CX' O.U 8 -0.27 -0.06 - 0 . 0 1 0.C4 0.00 -0.02 - 0 . 0 1 -0.00 -0.00 0 . 0 0 . 0 0 .0 0 .0 0 . 0
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SIGNIFICANCE MATRIX -------  C03-C0F
51 Cl..OCZ - 0 . 0 0 0 . 0 0 0 .  18 1 O • - 0 . 3 1 - 0 . 0 8 0 . 1 3 0 . 1 6






52 CZ..OCC 0 . 0 0 0 . 0 0 .  14 1 . 0 2 0 . 3 2 0 .2C 0 . 0 1 - 0 . 1 6 0 . 0 1 - 0 . 0 8 0 . 0 0 . 0 0 . 0 C.O 0 . 0
53 C Z . . z e e - 0 . 0 0 0 . 0 - 0 .  32 - 0 . 0 2 - 0 . 0 3 - 0 .  14 - 0 .  13 - 0 . 0 1 0 . 0 1 0 . 0 4 0 . 0 0 . 0 0 . 0 ■ C.O o . c
54 XCX*.XCX - 0 . 2 0 0 . 05 0 . 0  I 1 . 2 1 2 . 5 6 - 1 1 . 3 4 0 . 2 7 0 . 0 3 0 . 2 3 0 . 0 0 0 . 0 0 . 0 0 . 0 c . o 0 . 0
55 XCX*.CCX o . u - 0 . 0 4 0 . 0 4 - 2 . 4 8 - 1 . 3 9 0 . 4 2 - 4 . 4 9 0 . 2 8 - 0 . 2 5 0 . 2 4 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
56 XCX'cCX* - 0 . 2 0 - 0 . 0 1 - 0 . 0 8 0 . 1 2 - 1 . 3 7 - 1 . 5 3 1 .71 - 0 . 4 8 - 0 . 1 4 - 0 . 4 1 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
57 XCX..XCX 0 . 0 3 0.  11 0 . 0 0 0 . 2 3 3 . 3 0 2 . 4 7 O.OI 0 . 0 0 0 . 0 9 ‘ 0 . 0 0 - 0 . 2 7 - 5 . C 6 - 5 . 0 2 - o . o c - 0 . 0 7
58 X C X . . c c x - 0 . 0 4 - 0 .  19 0 . 0 2 - 0 . 7 4 - 3 . 8 8 - 0 . 3 0 - 0 . 4 9 0 . 0 4 - 0 . 2 0 - 0 . 0 0 0 . 2 6 - 6 . 3 2 5 . 5 8 - 0 . 1 4 - 0 . 2 1
59 x c x . c c x * 0 . 1 4 - 0 . 1 0 - 0 . 0 5 o . u - 7 . 6 0 1 . 2 0 0 . 1 4 - 0 . 3 9 - 0 . 2 4 - 0 . 0 6 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
60 XCX5CCX* - 0 . 0 4 - 0 . 1 8 0 . 0 1 - 0 . 9 3 - 3 . 8 1 - 0 . 2 5 - 0 . 3 7 0 . 0 6 - 0 .  19 0 . 0 0 - 0 . 2 6 6 . 3 1 - 5 . 5 8 - 0 . 1 5 C. 19
«>1 ccx .CCX* - 0 . 0 8 0 . 0 9 - 0 . 1 5 0 . 1 5 4 . 2 8 - 0 . 0 6 - 2 . 6 7 - 2 . 9 7 0 . 2 2 - 0 . 7 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
62 CCX5CCX4 0 . 0 1 0 . 0 8 0 . 0 2 1 . 2 5 1 . 0 8 0 . 0 0 2 . 0 4 C .42 0 .  10 0 . 1 0 - 0 . 0 6 - 1 . 9 0 - 1 . 6 3 - 2 . 7 4 - 0 . 1 5
63 c c x * . o c z - 0 . 0 0 0 . 0 1 - 0 . 2 7 0 .  U 1 . 2 4 0 . 0 9 - 0 . 7 5 0 . 3 0 - 0 . 5 3 - 0 . 5 7 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
64 CCX*.UCC - 0 . 0 9 0 . 0 1 - 0 . 2 0 - 0 . 0 1 - 1 . 4 5 - 0 . 2 8 - 0 . 0 6 - 0 . 3 1 0 . 2 0 1 .6 3 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
65 c c x * . z e e 0 . 0 9 - 0 . 0 2 0 . 4 7 0 . 0 0 0 . 1 5 0 . 1 7 0 . 8 2 - 0 . 0 1 0 . 3 1 - 1 . 1 4 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
66 c c z . . u c e 0 . 0 0 . 0 0 0 . 1 8 - 1 . 2 1 - 0 . 3 8 - 0 . 1 5 0 . 0 3 - 0  .0 3 - 0 . 7 9 - 0 . 9 1 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
67 o c z . . z e e - 0 . 0 0 - 0 . 0 0 - 0 . 4 2 0 . 0 3 0 . 0 4 0 . 0 9 - 0 . 4 7 0 . 0 0 - 1 . 2 5 0 . 5 9 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
68 o c c . . z e e - 0 . 0 6 - 0 . 0 1 - 0 . 3 1 - 0 . 0 2 - 0 . 0 4 - 0 . 2 7 - 0 . 0 4 - 0 . 0 0 0 . 4 8 - 1 . 8 4 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
69 WAo.TCJKS 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 1 0 . 3 3 0 . 9 4 2 . 0 9 - 1 2 . 5 6
70 M.RX.WAG 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1 1  - 3 . 2 6  - 5 . 1 7  7 . 0 1  1 . 3 3
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SIGNIFICANCE MATRIX -------  CH3-CCCL




o • o 0 . 0
o*o 0 . 0 oIo
27 CC..CZ - 0 . 0 0 0 . 0 0 .  IB O.OC c.oc - 0 . 5 7 - 0 . 5 4 0 .47 - 0 . 0 1 0 .0 0 0 . 0 0 . 0 0 .0 0 .0 0 . 0
23 CC..XCX* 0 .0 0 0 .0 1 - 0 . 0 7 - 0 . 1 1 1,37 - 1 . 1 5 1.03 - 0 .  16 - 0 . 0 4 0.01 0 . 0 0 . 0 0 . 0 - 0 . 0 0 . 0
29 CC..XLX 0 .0 0.01 0 . 1 4 0 .2 7 0 .6 9 i . e a - 0 . 3 3 0.01 - 0 . 0 3 0.00 0 . 0 0 . 0 0 .0 0 .0 0 . 0
30 CC..ccx 0 . 0 0 - 0 . 0 3 0 .31 - 0 . 0 3 - 1 . 6 4 - 1 . 7 0 1.33 - 0 . 2 4 - 0 . 0 4 0 .0 0 0 . 0 0 . 0 0 . 0 0 .0 0 .0
31 c c . . u . x a - 0 . 0 0 - 0 . 0 0 - 0 . 3 7 - 0 . 0 8 - 0 . 3 8 1.71 - 2 . 1 5 0 .3 8 0 .1 0 - 0 . 0 1 0 .0 0 . 0 0 . 0 c.o 0 .0
32 c c . . o c z 0 . 0 - 0 . 0 0 0 .1 8 - 0 . 0 1 - 0 . 0 0 0 .76 0 .7 9 - 0 . 1 3 - 0 . 3 6 - 0 . 0 0 0 .0 0 . 0 0 . 0 0 .0 0 .0
33 c c . . o c c 0 . 0 0 0 . 0 0 .2 0 0 .00 0 .0 2 - 1 . 0 6 - 0 . 4 9 0.31 0 .24 - 0 . 0 2 0 . 0 0 . 0 0 . 0 0 .0 0 . 0
34 CC..ZCC 0 .0 0 0 . 0 - 0 . 3 8 0 .0 0 - 0 . 0 2 0.32 - 0 . 3 2 - 0 . 1 8 0 .1 1 0.01 0 . 0 0 . 0 0 .0 c .o 0 .0
33 CX*. .CH - 3 . 8 8 3 .6 9 0 .0 0 0 .00 -O.OC - O .O I 0.01 - 0 . 0 0 - 0 . 0 0 0 . 0 0 0 .0 0 . 0 0 . 0 0 .0 0 .0
36 ex* .xcx* 0 .71 - 0 . 2  2 0 .0 1 o . u - 0 . 2 2 - 0 . 0 9 - O . U - 0 . 0 0 - 0 . 0 0 0 . 0 0 . 0 0 . 0 0 .0 0 .0 0 . 0
37 c x * . . x c x - 0 . 4 4 - 0 . 1 7 - 0 . 0 2 - 0 . 3 9 - 0 .  10 0 .0 7 0 .03 - 0 . 0 0 -O.OC 0 .0 0 .0 0 . 0 0 .0 0 .0 0 .0
33 c x * . . c c x 0 .<*2 0 .3 6 - 0 . 0 5 0.04 0 . 1 3 - 0 . 1 4 - 0 . 1 4 - 0 . 0 1 -O.OC - 0 . 0 0 0 .0 0 . 0 0 .0 0 .0 0 . 0
39 CX* .cox* - 0 . 5 7 0.06 0 .06 0 .0 9 0 . 0 4 0 . 1 1 0 .2 0 0 .01 0 .0 0 - 0 . 0 0 0 .0 0 . 0 0 . 0 0 . 0 0 .0















- 0 . 0 0
41 ex.  .xcx* - 0 .  39 - 0 . 4 7 0 .01 0.1C 0 .3 9 0.08 - 0 .  10 0.01 0 .0 0 - 0 . 0 2 0 .0 0 . 0 0 .0 0 . 0 0 . 0
42 CX. .xcx 0 .2 3 - 0 . 2 1 - 0 , 0 1 - 0 . 1 8 0.12 - 0 . 0 5 0.01 - 0 . 0 0 0 . 0 0 - 0 . 0 0 1.91 - 2 . 1 7 - 0 . 2 7 - 0 . 0 2 - c . c o
43 CX4.XCX4 0 .23 - 0 .  19 - 0 . 0 1 - 0 . 2 2 0 .1 2 - 0 . 0 5 0.01 0 .0 0 0 .00 - 0 . 0 0 - 1 . 8 5 2 .0 7 0 .23 0.01 0 .0 0
44 CX4.CC X5 - 0 . 1 7 0 .40 - 0 . 0 2 0 .0 2 - 0 . 3 4 0 .0 6 - 0 . 0 6 0.01 0.00 - 0 . 0 0 0 .3 4 0 .9 5 - 0 . 3 9 - 0 . 0 1 0 .0 0
45 ex* .c c x* 0 . 5 5 C. 19 0 .0 4 0 .09 - 0 . 1 5 - 0 . 1 8 0 .1 6 - 0 . 0 2 - 0 . 0 1 0 .03 0 . 0 0 . 0 0 . 0 0 .0 0 .0














0 .3 1 0.01 - 0 . 0 1
47 CO..CZ - 0 . 0 0 0 .0 - 0 . 4 0 0 .01 0 . 0 0 .05 - O . U o . u 0 .0 0 - 0 . 0 1 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
48 CO..0 c z 0 .0 0 .0 - 0 . 4 0 - 0 . 0 2 0 . 0 - 0 . 0 7 0 .17 - 0 . 0 3 - 0 . 0 0 0 .00 0 . 0 0 . 0 0 . 0 0 . 0 0 .0
49 CO..occ - 0 . 0 0 - 0 . 0 0 - 0 . 4 5 0 .01 - 0 . 0 0 0 .0 9 - 0 . 1 0 0 .07 - 0 . 0 0 0 .0 6 0 . 0 0 . 0 0 . 0 0 . 0 0 .0






SIGNIFICANCE MATRIX -------  CH3-C0CL
51 C 2..UcZ 0.00 -0.00 0.12 -0.01 o.cc -0.66 -0.33 -0.6C 0.09 -0.02 0.0 0.0 0.0 0.0 0.0
52 CZ..OCC 0.00 0.00 0.16 C.Ol o.oc 0.92 0.19 0.96 -0.08 -0.33 0.0 0.0 0.0 0.0 0.0
53 cz..zee -o.uo 0.0 -0.26 0.01 0.0 -0.28 0.13 -0.56 -0.03 0,32 0.0 0.0 0.0 o.c 0.0
56 xcx*.xcx -0.07 0.03 -0.03 -11.82 6.72 -2.15 -0.32 -0.02 0.02 0.06 0.0 0.0 0.0 0.0 0.0
55 xcx*.ccx 0.06 -0.05 -0.08 2.18 -16.95 2.78 1.06 0.26 0.06 0.08 0.0 0.0 c.o 0.0 0.0
56 XCX'CCX* -0.09 -0.01 0.10 5.26 -3.76 -2.92 -1.80 -0.61 -0.10 -0.39 0.0 0.0 0.0 o.c 0.0
57 XCX..xcx 0.01 0.00 0.02 7.29 0.86 0.63 0.02 0.00 0.00 ‘ 0.01 -0.29 -10.58 -3.C2 -0.3 5 -0.00
58 xcx..ccx -0.02 -0.02 0.08 -1.11 -5.23 -1.52 -0.19 -0.01 0.01 0.01 0.10 -9.62 7.59 0.69 -0.00
59 xcx.ccx* 0.07 -0.01 -0.18 -10.63 -2.13 2.71 0.60 O.Cl -0.C7 -0.13 0.0 0.0 0.0 0.0 0.0
60 XCX5CCX6 -0.02 -0.02 0.08 -1.75 -6.60 -1.60 -0.17 -0.01 C.Ol 0.01 -0.10 9.53 -e.oc -0.56 -0.01
61 ccx.ccx* -0.05 0.01 -0.63 1.77 6.53 -6.19 -2.32 -0.62 -0.11 -0.16 0.0 0.0 0.0 0.0 0.0
62 CCX5CCX6 0.01 0.02 0.09 0.16 5. 15 1.00 0.36 0.09 0.01 0.01 -0.01 -2.11 -5.38 -0.20 -0.12
63 CCA*.UCZ 0.00 0.0 -0.26 0.35 0.01 1.87 -1.30 -0.33 -0.92 0.05 0.0 0.0 0.0 0.0 0.0
66 CCX*.occ -0.05 -0.00 -0.29 -0.13 -0.06 -2.71 0.77 0.78 0.60 0.97 0.0 0.0 0.0 C.O 0.0
65 ccx*.zee 0.06 -0.00 0.55 -0.21 0.06 0.81 0.52 -0.66 0.28 -1.10 0.0 0.0 0.0 0.0 0.0
66 □CZ..UCC -0.00 0.0 0.16 -0.01 -0.00 -1.15 -0.30 -0.26 -2.03 0.06 0.0 0.0 0.0 0.0 0.0
67 ocz..zee 0.00 0.0 -0.26 -0.02 0.0 0.35 -0.20 0.15 -0.88 -0.15 0.0 0.0 0.0 0.0 0.0
66 occ..zee -0.02 0.0 -0.29 0.01 -O.OC -0.50 0.12 -0.35 0.63 -1.83 0.0 0.0 0.0 0.0 0.0
69 HAG.TORS O.u 0.0 0.0 0.0 0.0 0.0 O.C 0.0 0.0 0.0 0.00 o.cc 0.62 2.88 -3.76
70 m .r k .hag 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.02 0.33 5.58 -3.28 0.35









SIGNIFICANCE MATRIX -------  CD3-CQCL
I K 0.00 C.OO 0.66 0.00 1 O • o o -O.OC 1
<\lO•o 0.00 o.co 0.00 0.0 0.0 O.C 0.0 0.0
2 K IC-Z 1 0.00 0.00 0.06 0.01 0.28 C. 16 .0.00 0.64 o.oc 0.01 0.0 0.0 0.0 0.0 0.0
3 K IC-C> 0.00 . 0.01 0. 14 0.35 C. 48 0.05 C. 19 0.05 0.03 -0.00 0.0 0 .0 0.0 ' 0.0 0.0
4 K 1C-X) 0.73 1.45 0.0 O.OC -0.00 0.01 -0.00 0.0 -0.00 0.00 2.23 0.08 0.01 O.CC 0.00
5 KIC-X)' 1.65 0.66 0.01 -0.00 -0.00 0.00 0.01 0.00 0.0 -0.00 0.0 0.0 0.0 0.0 0.0
6 HICCOI G.u4 0.00 0.07 0.04 0. 56 0.53 0.07 0.06 0.64 0.79 0.0 0.0 0.0 0.0 0.0
7 H ( U U  ) 0.0 0.00 0.06 0.02 0.46 0.26 0.03 0.00 1.40 -0.00 0.0 0.0 0.0 0.0 0.0
8 H UCZ t 0.04 0.00 0.27 O.OC 0.00 0.05 C. 19 0.04 0. 15 0.81 0.0 0.0 0.0 0.0 0.0
9 H IXCX) 0.05 0.03 0.01 5.42 0.49 0.14 0.30 0.00 0.02 0.00 0.40 7.49 1.92 0.52 -0.00
10 HIXCX)* 0.13 0.03 0.00 0.00 2. 36 5.79 0.05 0. 11 0.04 0.15 0.0 0.0 0.0 0.0 0.0
11 H (XCCt 0.03 0. 05 0.03 2. 13 0.67 0.64 1.55 0.10 0.00 0.03 0.06 1.62 3.63 0.53 0.09
12 HIXCCJ• 0.10 0.01 0. 15 1.49 0.58 0.58 1.46 0.72 0.24 0.44 0.0 0.0 O.C 0.0 0.0
13 H (MAGI 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.02 0.0 2 1.65 3.92 0.10
14 H HORS) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 c.o 0.0 0.0 0.0 0.00 0.1C 0.25 12.57
15 F IX— X) 0.17 3.31 o .O i 2.57 0.23 0.06 0.24 0.0 0.01 0.00 0.72 4.33 1.09 0.27 -0.00
16 FIX— X)' 0.62 1.66 0.00 O.CO 1.11 3.14 0.02 0.06 0.02 0.06 -0.15 -0.01 -0.00 -O.OC -0.00
17 F (X— C) 0.78 1.02 0.34 0.72 1.60 1.31 2.63 0.75 C.3C 0.28 0.88 0.71 2.46 0.34 0.05
18 F (d— Cl 0.02 0.02 0.05 0.25 0. 16 0. 14 0.46 0.15 0.48 0.41 0.0 0.0 0.0 0.0 0.0
19 FIC-Z » 0.0 3 0.01 0. 10 0. 16 -0.03 -0.00 0.07 0.50 0.27 0.97 0.0 c . o 0.0 0.0 0.0
20 Fid— Z ) -0.00 0.0 0.08 0.00 0.09 0.05 0.07 0.54 0.87 0.01 0.0 0.0 0.0 0.0 0.0
21 C IX— 0) 0.29 0.58 0.19 1.29 I.OS 0.73 3.34 2.03 2.91 3.03 0.92 0.75 2.05 0.63 2.81
22 CIX— X*1 0.20 -0.02 0.21 0.48 0.1C 0.91 1.12 0.24 0.72 3.22 0.07 1.32 3.93 -0.01 3.26
23 MOL.TtN. -0.18 -0.06> -0.03 -3.97 0.59 -2.65 -1.53 -0.43 -0.13 -0.34 -0.22 0.92 -3.43 -0.67 -C.02
24 CC..CX* 0.04 -0.19 -0.09 -0.01 0.02 0.03 -0.09 0.01 0.00 0.00 0.0 0.0 0.0 0.0 0.0







SIGNIFICANCE MATRIX -------  CD3-CCCL
26 CC..CU 1 c • o o 0.01 — 0.60 0.08 0.02
OO»01 0.13 I'Mo*o 0.00 Q0 •







27 CC..CZ 0.0 -0.00 0 . IB -0.11 -0.75 -0.19 0.02 0.35 0.01 -0.00 0.0 0.0 o.c 0.0 0.0
28 cc.•xcx1 0.01 0.04 0.02 0.00 2.06 -1.15 0. 18 -0.15 -C.07 -0.00 0.0 0.0 0.0 ' 0.0 0.0
29 c c.•xcx -0.01 0.06 0.09 3.91 -1.56 0.24 -0.69 -0.02 -0.07 -0.00 0.0 0.0 0,0 0.0 0.0
30 cc..ccx 0.01 -0.07 0.19 -2.2 5 -I.75 0.52 1.53 -0.21 -0.03 -0.00 0.0 0.0 0.0 0.0 0.0
31 cc..ccx* -0.01 -0.02 -0.28 -1.38 1.08 0.33 -1.08 0.37 0.16 -0.00 0.0 0.0 0.0 0.0 0.0
32 CC..uCI 0 .0 -0.00 0.19 0.18 0.53 0.22 0.15 -0.02 -o.4 r -0.00 0.0 0.0 0.0 D.O 0.0
33 CC..UCC 0.01 -0.00 0. 19 -0.22 -1.04 -0.34 0.22 0.11 0.27 -0.00 0.0 0.0 0.0 0.0 0.0
34 c c . .XCC 1 o * c 0.00 -0.38 0. 07 0.1C 0.10 -C.3 8 -0.09 0.13 -0.01 0.0 0.0 0.0 c.o 0.0
35 CX* ..CH -2.97 2. 76 0.00 -0.00 0.0 -0.02 0.00 -0.00 -0.00 -0.00 0.0 0.0 0.0 c.o 0.0
36 CX*.XCX* 0.92 -0.27 -o.co O.OC 0.03 -0.32 -0.05 -0.02 -0.01 0.00 o.a 0.0 0.0 0.0 0.0
























0.0 0.0 0.0 0.0 0.0
38 CX* . .LCX 0.t>5 0.52 -0.06 O.CC -0.05 0.12 -0.38 -0.03 -0.00 0.00 0.0 0.0 0.0 0.0 0.0
39 cx* .ccx* -0.76 0. 17 0.09 0.01 0.02 0.C8 0.23 0.05 0.01 -0.01 0.0 0.0 0.0 0.0 0.0
40 CX..CXS 0.73 1.45 0.0 o.oc 1 O • o o 0.01
1
oo•01 0.0 -0.00 0.00 -2.24
<300 *
a1 -0.01 -0.00 -0.00
41 ex. .xcx* -0.84 -0.56 -0.00 -o.oc 0.02 0.62 1 o ■ o o
1
0.01 0.00 1 o • o UJ 0.0 o.c 0.0 0.0 0.0




» o Ob 0 .01 0.Q0 0.00 -0.00 1.89 -1. 56 -0.34 -0.04 0.0












-1.86 1 .50 0.31 0.03 -0.00






















-0.C3 -0.17 -0.03 0.01 0 .00 -O.Oi 0.74 0.7C -0.40 -0.04 0.00




































-C .03 0.01 0.00 -0.01 -0.71 -0.72 0.42 0.03 -0.00
47 CO..cz -0 . 0 0 0.00 -0.39 - 0.01 -O.Cl 0.00 o.ot 0.06 0.0 - 0.01 0.0 0.0 0.0 0.0 0.0









- 0.00 - 0.01 0.00 0.0 0 .0 0.0 0.0 0.0



















0.01 0.08 0.02 0 .00 0.05 0.0 0.0 0.0 0.0 0.0






SIGNIFICANCE MATRIX -------  C03-CCCL











0.0 0.0 0.0 C.O 0.0
52 CZ..UCC 0.01 0.00 0.13 0.C5 0.61 0.56 0.01 0.39 0.09 -0.22 0.0 0.0 0.0 0.0 0.0
53 c z..zee -O.Jl -0.00 -0.25 -0.01 -0.07 -0.18 -0.03 -0.32 0.02 0.21 0.0 0.0 0.0 ' 0.0 0.0
59 XCX'.XCX -0.21 0.08 0.01 2.59 -3.90 -9.88 -0.5L 0.02 0.08 0.02 0.0 0.0 0.0 0.0 0.0
55 XCX'.ccx 0.18 -0.11 0.01 0.59 -3.96 -5.95 0.63 0.31 0.03 0.18 0.0 0.0 0.0 0.0 0.0
56 XCX'CCX* -0.2 3 -0. 03 -0.02 0.26 2.20 -3.75 -0.63 -C.60 -0.21 -0.55 0.0 0.0 0.0 0.0 0.0























59 XCX.CCX' 3.19 -0.05 -0.09 -7.27 -2.21 0.30 1.86 -O.ll -0.20 -0.06 0.0 0.0 0.0 0.0 0.0
60 XCX5CCX9 -0.07 -0. 08 0.03 -6.58 1.25 C.59 -1.97 0.02 0.02 0.01 -0.30 6.91 -5.52 -1.1C -0.01
61 CCX.CCX' -0.15 0.06 -0.20 9.95 -1.80 1.66 -9.37 -0.82 -0.09 -0.33 0.0 O.C 0.0 0.0 0.0









63 CCX* .LtuZ -0.00 0.00 -0.20 -0.30 1.09 0.76 -0.93 -0.07 -1.18 0.00 0.0 0.0 0.0 0.0 0.0
69 CCX'.occ -0.12 0.00 -0.20 0.53 -1.19 -1.16 -0.67 0.93 0.77 1.13 0.0 0.0 0.0 ' 0.0 0.0
65 ccx*.zee 0.13 -0.00 0.90 -0.19 0. 11 0.39 1.05 -C.39 0.37 -1.22 0.0 0.0 0.0 0.0 0.0





0.0 0.0 0.0 0.0 0.0
67 □cz..zee o .0 -0.00 -3.26 0.02 0.10 0.23 -0.15 0.02 -0.89 -0.05 0.0 0.0 0.0 0.0 0.0
68 □CC..ZCC -0.08 -0.00 -0.27 -0.02 -0.10 -0.32 -0.23 -0.10 0.61 -1.65 c.o 0.0 0.0 c.o 0.0
69 WAO.TUXS 0.0 0.0 0.0 0.0 0.0 0.0 C.O 0.0 0.0 0.0 0.01 0.01 0.81 2.02 -2.63
70 M.KK.UAb 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.12 0.71 6.80 -9.93 0.25








. SIGNIFICANCE MATRIX   CH3-C0BR
1 K (C=UJ 0.0 0.0 0 .66 0.00 0.01 0.00 0.02 0.00 0.00 0.00 0.0 0.0 c.o 0.0 0.0
2 K (C-2 1 J .00 0.0 0.06 0.0 0.01 0.23 0. 10 C. 52 0.09 0.06 0.0 0.0 0.0 0.0 0.0
3 K (C-U O.'OO 0.00 0.14 0.05 0. 00 0.42 0.61 0.10 0.00 0.00 0.0 0.0 0.0 ■ 0.0 0.0
A K (C-X» 0.75 2.25 C.00 0.00 0.01 0.00 0.00 -0.00 0.00 0.00 3.05 0.C8 0.00 -o.oc 0.00
5 KIC-X1* 2.37 0.67 0.00 0.00" 0.00 0.00 0.00 -0.00 0.00 0.00 0.0 0.0 0.0 0.0 0.0
6 H(CLG) 0.31 0.0 0.08 0.00 0.05 0.78 0.07 0.05 0.35 0.67 0.0 0.0 0.0 0.0 0.0
7 H IUC2 1 0.3 0.0 0.05 0.00 0.01 0.39 0.23 0.35 1.23- 0.00 0.0 0.0 0.0 '0.0 0.0
8 H (CC2 1 0.01 0.0 0.25 0.01 0.01 0.07 0.04 0.11 0.28 0.76 0.0 0.0 0.0 0.0 0.0
9 H (XCXI 0.02 0.01 0.04 8.13 0.29 0,04 0.15 0.01 0.00 0.00 0.25 10.54 3.00 0.24 -0.00
10 H(XCX)' 0.05 0.01 0.04 0.24 10.50 0.01 0.98 0.00 0.00 0.06 0,0 0.0 0.0 0.0 0.0
11 H (XCC) 0.0.1 0.02 0.C9 2. 14 2.34 1.85 0.38 0.13 0.00 0.01 0.01 2.19 5.12 0.31 0.11
12 HIXCCI* 0.03 0.00 0.27 2.37 0.00 2.47 1.76 0.47 0.00 0.20 0.0 0.0 0.0 0.0 0.0
13 H (MAGI 0.0 0.0 0.0 0.0 O.G 0.0 0.0 0.0 0.0 0.0 0.01 0.01 0.70 4.89 0.37
14 H (TUKiJ 0 .0 0.0 0.0 0.0 0.0 c.o 0.0 0.0 0.0 0.0 0.0 0.00 0.07 0.68 17.01
15 F (X— X) 0.74 4.41 0.01 3.09 0. 13 0.02 0.13 0.00 0.00 0.00 1.23 5.91 1.55 0.12 0.0
16 F(X— X)' 0.77 2.74 0.03 0.08 5.36 0.00 0.41 0.00 0.00 0.02 -0.21 -0.01 -O.CC -O.OC 0.00
17 F (X— C) 1.31 1.52 0.45 1.93 1.37 3.39 2.20 0.66 o.oc 0.11 1.44 1.01 3.29 0.15 0.06
18 F IU--C) 0.01 0.01 0.05 0.06 0.02 0. 14 0.51 0.90 0.18 0.32 0.0 0.0 0.0 0.0 0.0
19 F1C-2 » 0.01 0.00 0. 10 0.05 0.00 0.06 0.02 0.40 0.13 1.24 0.0 0.0 0.0 0.0 0.0
20 FIJ--X I 0.0 -0.00 0.07 0.0 0.00 0.10 0.06 0.18 1.43 0.03 0.0 0.0 0.0 0.0 0.0
21 C (X— 0» 0.38 1.06 0.22 2.74 1.42 3.27 2.58 4.99 0.72 2.07 1.43 1.07 2.92 0.60 3.76
22 C(X--X* > 0.12 0.00 0.23 0.92 2. 1C 0.41 0.61 0.19 0.63 3.59 0.05 1.80 5.12 -0.15 5.07
23 MOL.TEN. -G.Oo -0.03 0.04 -4.71 -2.62 -1.06 -2.03 -0.14 -0.00 -0.14 -0.09 1.23 -5.02 -0.35 -C.C2
24 CC..CX* -0.01 -0.11 -0.0 3 -0.01 -0.00 0.03 -0.10 -0.00 0.00 0.00 0.0 0.0 0.0 0.0 0.0







. SIGNIFICANCE MATRIX   CH3-CCBR
26 CC* «CU o•




























27 CC..CZ 0.0 0.0 0. 18 0.00 o.oc -0.61 -0.50 0.46 -0.03 0.01 0.0 0.0 o.c 0.0 o.c
28 cc..xcx* - J'.OO 0.02 -0. 13 -0. 19 0.17 C.05 1.50 -0.04 O.CO 0.01 0.0 0.0 0.0 • 0.0 0.0
29 CC..ACX 0 .JO 0.02 0.21 1.75 -0.02 0.35 -0.88 -0.08 -0.00 0.01 0.0 0.0 0.0 0.0 0.0
30 CC..CCX 0.00 -0.03 0.31 -0.88 -0.07 -2.51 1.37 -C.33 -0.00 0.01 0.0 0.0 0.0 0.0 0.0
31 CC..CCX* u.00 -0.01 -0.37 -0.66 -0.01 2.02 -2.14 0.43 -o.oc -0.03 0.0 0.0 0.0 0.0 0.0
32 CC..UCZ -0.J0 -0.00 0.17 -0.02 -c.oc 0.82 0.74 -0.38 -O.li -0.00 0.0 0.0 0.0 0.0 0.0
33 CC . • liCC 0.00 0.00 0.20 -0.01 0.01 -1.13 -0.43 0.58 0.05 -0.05 0.0 0.0 0.0 0.0 0.0
34 cc.* zee -0.00 0.0 -0.36 0.03 -o.oc 0.33 -0.33 -0.21 0.04 0.04 0.0 0.0 0.0 0.0 0.0
35 CX* ..LH -3.52 3.31 0.00 -0.00 -0.00 -0.00 0.01 0.00 o.oo -0.00 0.0 c.o 0.0 0.0 0.0
36 ex*.xcx* 0.69 -0.20 0.02 0.02 -0.21 O.OC -0.13 -0.00 0.00 0.00 0.0 0.0 0.0 0.0 0.0
37 CX*..xcx -0.46 -0.24 -0.03 -0.31 0.03 0.01 0.07 0.00 0.00 0.00 0.0 0.0 0.0 0.0 0.0
38 ex* • .CCX 0.*5 0.33 -0.04 0.06 0.05 -0.12 -0. 12 0.00 -0.00 0.00 0.0 0.0 0.0 c.o 0.0
39 CX'.CCX* -0.54 0. 14 0.04 0.05 0.01 0.06 0. 16 -0.01 0.0 -0.01 0.0 0.0 0.0 0.0 0.0
40 CX..CX5 0.75 2.25 0.00 0.00 0.01 0.00 0.00 -0.00 0.00 0.00 -3.05 -0.08 -0.00 -o.oc -0.00
41 CX..xcx* -0.49 -0.43 0.01 -0.06 0.49 -0.00 -0.16 O.CO -0.00 -0.02 0.0 0.0 o.c 0.0 0.0
42 ex..xcx 0.21 -0.31 -0.01 0.22 -0.08 -0.00 C .04 0.00 0.0 -0.00 1.75 -1.06 -0.23 -o.oc -0.00
43 CX4.XCX4 0.21 -0.29 -0.01 0.18 -0.08 -0.01 0.C4 0.00 0.00 -0.00 -1.70 1.75 0-19 -0.00 0.00
44 CX4.CCX5 -0.16 0.43 -0.02 -0.14 -0.24 0.03 -0.07 0.00 0.00 -0.00 0.37 0.81 -0.32 -o.oc 0.01
45 CX4.CCX* 0.46 0.36 0.04 -0.22 -0.C6 -0.10 0.17 -0.02 0.00 0.02 0.0 0.0 0.0 0.0 0.0
46 CX4.CCX4 -0.16 0.43 -0.02 -0.14 -0.24 0.03 -0.07 0.00 0.00 -o.oc -0.33 -0.85 0.24 -o.oc -0.01
47 CO..Ci 0.00 0.00 -0.39 0.00 -0.01 0.05 -0. 10 0. 11 0.02 -0.01 0.0 0.0 0.0 0.0 0.0
48 CO..JC1 0.0 0.0 -0.37 -0.01 0.02 -0.07 0.15 -0.09 0.06 0.00 0.0 0.0 0.0 0.0 0.0
49 CO. .Lice 0 .0 0.0 -0.44 -0.00 -0.04 0.09 -0.08 0.14 -0.03 0.03 0.0 0.0 0.0 0.0 0.0
50 CO..zee 0.00 0.0 0.81 0.01 0.0 2 -0.03 -0.06 -0.05 -0.03 -0.04 0.0 0.0 0.0 0.0 0.0
SIGNIFICANCE: MATRIX-------- CH3-CDBR




















0.67 -0.03 o • O 0.0 0.0 0.0 o • o
52 C 2. . occ 0.0 0.0 0.13 0.0 0.04 0.85 0.17 1.32 -0.35 -0.42 0.0 0.0 0.0 0.0 0.0
53 CZ..ZCC -0.00 0.0 -0.24 0.0 -0.02 -0.25 0.13 -0.40 -0.32 0.42 0.0 0.0 0.0 0.0 0.0
54 XCX'.XCX — u .0 7 0.04 -0.09 1.47 -10.68 0.04 -1.32 0.01 -0.00 0.04 0.0 0.0 0.0 0.0 0.0
55 XCX'.CCX 0.06 -0.05 -0.15 2.17 -14.47 -0.47 1.74 0.05 -0.00 0.05 0.0 0.0 0.0 0.0 0.0
56 XCX'CCX' -0. J8 -0.02 0.21 2.10 -2. 17 -0.04 -2.96 -0.11 0.00 -0.25 0.0 0.0 0.0 0.0 c.o
57 XCX..XCX 0.02 0.01 0.04 8.13 0.29 0.04 0,15 0.01 0.00 • 0.00 -0.25 -10.49 -3.20 -0.25 -0.00
58 XCX..CCX -0.02 -0.03 0.12 -7.57 1.16 -0.74 -P. 54 0.06 0.00 0.01 0. 10 -9.48 7.70 0.52 -0.01
59 xcx.ccx* 0.06 -0.02 -0.28 -12.29 0.46 0.80 1.40 -0.19 -0.00 -0 .09 0.0 0 .0 0.0 0.0 0.0
60 XCX5CCX4 -0.02 -0.03 0.12 -8.03 1. 58 -0.62 -0.50 0.06 0.00 0.01 -0.10 9. 56 -8.09 -C.57 0.00
61 CCX.CCX* -0 .0 5 0.03 -0.42 6.39 1.10 -6.03 -2.54 -C.72 0.00 -0.10 0.0 0 .0 0.0 0.0 0.0
62 CCX5CCX4 0 .01 0.02 0.09 2. 14 2.34 1.85 0.38 0.13 0.00 0.01 -0.01 -2.15 -5.20 -C.32 -o.ll
63 ccx*.uCZ 0.00 0.00 -0.23 0.13 0.06 1.96 -1.29 1 O • 00 u> -0.03 0.02 0.0 0.0 0.0 0.0 0.0
64 ccx*.ucc -0.04 -0.00 -0.27 0.12 -0.12 -2.80 0.73 1.24 -0.02 0.7C 0.0 0.0 0.0 0.0 0.0
65 CCX'.zee 0.0 4 0.0 0.52 -0.21 0.07 C.81 0.56 -0.46 -0.01 -0.81 0.0 0.0 0.0 a . o 0.0
66 ocz•.occ -0.00 0.0 0.12 O.OC -0.04 -1. 10 -0.27 -1.09 -1.30 0.00 0.0 0.0 o.c 0.0 o . c
67 UCZ..ZCC U .  0 0.0 -0.23 -0.00 0.02 0.32 -0.20 0.39 -I. 08 -0.20 0.0 0.0 o.c 0.0 0.0
68 occ ..zee -0.02 0.00 -0.27 - o . o o -0 .05 -0.45 0. 11 -0.60 0.61 -1.48 0.0 0.0 0.0 0.0 0.0
69 WAG.TJKS 0.0 0.0 3.0 0.0 0.0 0.0 C.O 0.0 0.0 0.0 0.00 0.01 o * * U
l 3.71 -5.75
70 M.KK.m AG 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.03 0.45 5.33 -3.69 0.57





























SIGNIFICANCE MATRIX -------  CD3-C0BR
l K IL=U) c. « C O 1 0 • 0 0 0.67 0.01




2 K (C-Z ) 0.00 -0.00 0,06 0.05 0.25 C.1C 0.00 0.47 0.10 0.03 0.0 0.0 0.0 0.0 O.C
3 K IL-LJ 0.00 0.01 0. 14 0.49 0.17 0.23 o .ib 0.08 0.00 0.00 0.0 0.0 0.0 0.0 0.0
4 K «C-X) 0 .66 1.51 0.0 0.00 0.01 0.00 0.00 -0.00 0.00 0.00 2.25 0.06 0.01 -o.oc 0.00
5 KCt-XJ* 1.63 0.59 0.01 0.00 O.CO 0.00 0.01 0.00 -0.00 0.00 0.0 0.0 0.0 0.0 0.0
6 HCCUJ) 0 .04 -0.00 0.07 0.16 0.77 0.16 0.10 0.50 0.46 0.54 0.0 0.0 0.0 0.0 0.0
7 H (JCZ » 0.0 0.0 0.05 0.08 0.45 0.17 0.02 0.27 1.20 ' 0.02 0.0 0.0 0.0 0.0 0.0
a H ICC2 1 0.04 -0.00 0.24 0.01 0.04 0.00 0.20 C . 04 0.17 0.75 0.0 0.0 0.0 0.0 0.0
9 H tXUl) C .05 0.04 0.01 4.67 0.20 1. 16 0.32 0.03 0.00 0.00 0.35 7.23 2.35 0.36 o.oc
10 H(XCX)' 0.13 0.03 0.00 0.01 2.40 6.03 0.17 0.01 0.0 0.08 0.0 0.0 0.0 O.C c.o
11 H (XCC) 0.03 0.05 0.03 2.08 0.44 1.03 1.47 0.15 0.00 0.02 0.06 1.75 3.38 0.61 0.C8
;12 HI ACC) * 0 .09 0.02 0.16 0.90 1.42 0.24 1.79 0. 66 0.00 0.28 0.0 0.0 0.0 0.0 0.0
13 H (MAt.) 0.0 0.0 0.0 0.0 O.C O.C 0.0 0.0 0.0 0.0 0.03 0.06 1 • 50 4.02 0.25
14 H (TURi) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O.OC 0.11 C.41 12.29
15 F (X— X) 0.25 3.13 0.00 2.36 0. 11 0.56 0.23 0.01 o.oc -0.00 0.75 4.07 1.31 0.18 0.00
16 F(X--X>' 0.56 1.74 0.00 O.OC 1. 30 3.02 0.08 C.01 o.c 0.03 -0.15 -O.CO -0.00 -O.OC 0.0
17 F (X— C) O.dO 1.C3 0.34 0.48 2. 54 0.76 2.66 0.95 0.01 0.17 0.38 0.82 2.25 0.35 0 .05
18 F (Q— C) 0.02 0.02 0.05 C.27 0. 15 0.07 0.49 0.58 0.25 0.26 0.0 0.0 0.0 0.0 C.O
19 FCC-Z ) 0.03 0.01 0. 10 0.16 -0.02 -0.01 0.08 0.44 0.06 1.09 0.0 0.0 O.C O.C 0.0
20 FtD— Z ) 0.00 -0.00 0.03 0.02 0. 10 0.C4 0.05 0.16 1.42 0.01 0.0 0.0 0.0 0.0 0.0
21 C (X— 01 0.27 0.61 0. 19 1.04 1.45 0.77 3.39 4.56 1.08 1.95 0.92 0.83 1.88 0.78 2.72
22 CIX— X*) 0.18 -0.06 0.21 0.35 0.79 0.49 0.94 0.19 0.33 3.55 0.05 1.52 3.74 -0.11 3.67
23 MOL.TtN. -0.1 7 -o.oa -0.0 2 -3.57 -2.36 0.11 -1.87 -0.25 -0.00 -0.21 -0.21 1.01 -3.62 -0.61 -0.0 2
24 CC..CA* 0.01 -0.19 -0.06 0.03 0.04 -0.02 -0.07 0.01 0.00 0.00 0.0 0.0 0.0 0.0 0.0
25 CC..CX -0.0 I -0.43 -0.02 0.07 -0.12 0.04 -0.02 -0.00 -0.00 -0.00 0.0 0.0 0.0 0.0 0.0
iv-296
SIGNIFICANCE MATRIX -------  CD3-C0BR
26 CC..C0 0.00 0.00 -0 .60 0.11 0.00 1 O * o 1\l 0.13 0.03 -0.00 -0.00 0.0 0.0 0.0 0.0 0.0
27 CC..CZ 0. j 0 -0.00 0.18 -0.30 -0.42 -0.32 0.02 0.38 -C.03 0.01 0.0 0.0 0.0 0.0 0.0
28 CC..XL X* 0.00 0.04 -0,01 -0.03 -1.28 2.37 0.32 -0.07 -0.00 0.02 0.0 0.0 0.0 0.0 0.0
29 CC..XCX -u.00 0.07 0.11 4.25 -C. 53 -1.51 -0.70 -0.15 -O.Oi 0.00 0.0 0.0 0.0 c.o 0.0
33 CC..ccx 0.00 -0.08 0.19 -2 .Bl 0.79 -1.42 1.46 -0.32 o.oc 0.01 0.0 0.0 0.0 0.0 0.0
31 CC..ccx* 0.0 -0.03 -0.29 -1.30 1.02 0.46 -1.17 0.52 0.01 -0.03 0.0 0.0 0.0 0.0 0.0
32 CC. .OCZ 0.0 -0.00 0. 17 0.42 C.56 0.39 o.n -0.29 -0.12' -0.01 0.0 0.0 0.0 0.0 0.0
33 cc..ucc 0.00 0.00 0.19 -0.55 -0.74 -0.39 0.26 0.40 0.07 -0.04 0.0 0.0 0.0 c.o 0.0
34 cc..zee 0.0 O.CO -0,36 0.15 0.17 -0.02 -0.38 -0.11 0.04 0.04 0.0 0.0 0.0 0.0 0.0
35 CX*..Crt -2. 88 2.64 0.00 0.00 -0.01 -0.00 0.00 -0.00 0.00 -0.00 0.0 0.0 0.0 G.O 0.0
36 ex*.XCX* 0.01 -0.25 0.0 -0.00 -0. 15 -0.14 -0.08 -0.00 0.0 0.01 0.0 0.0 0.0 0.0 0.0
37 CX' . . ALX -0.73 -0.44 -0.02 0.06 -0.06 0.04 0.13 -0.01 -0.00 0.00 0.0 0.0 0.0 0.0 0.0
38 ex*. .ccx 0 .06 0.50 -0.04 -0.12 0.08 0.04 -0.32 -0.02 0. 0 0.00 0.0 0.0 0.0 0.0 0.0
39 ex*.ccx* -0.73 0.22 0.06 -0.05 0. 1C -0.02 0.22 0.03 0.00 -0.01 0.0 0 .0 0.0 0.0 0.0
40 CX..CX5 0.66 1.51 0.0 0.00 0.01 0.00 0.00 -0.00 0.00 0.00 -2.25 -0.06 -0.01 -o.ee -0.00
41 CX..ALX* -0.77 -0.56 0.0 -0.01 0.33 0.11 -0.02 0.00 o.c -0.02 0.0 0.0 o.c c.o 0.0
42 CX..XLX 0.35 -0.50 -0.00 0.15 0 .09 -0.07 0.01 0.00 -0.00 -0.00 1.79 -1 .30 -0.37 -0.01 -0.00
43 CX4.XCX4 0.35 -0.48 -0.00 0.12 0.C3 -0.08 0.01 0.00 0.00 -0.00 -1.76 1.24 0.34 0.01 0.0
44 CX4.CLX5 -0.28 0.58 -0.01 -0. 12 -0.13 -0.07 -0.04 0.00 0.0 -0.01 0.76 0.62 -0.45 -C.01 0.00
45 ex*.ccx* 0.69 0.49 0.01 -0.11 -0.35 0.04 0.02 -0.03 -0.00 0.03 0.0 0.0 0.0 0.0 0.0
46 CX4.CCX4 -0.2 8 0.58 -0.01 -0.12 -0. 13 -0.07 -0.04 0.00 0.0 -0.01 -0.73 -0.64 0 .40 0.01 -0.01
47 C0..CZ 0.0 0.0 -0.40 -0.03 -0.01 0.01 0.01 0.07 0.01 -0.01 0.0 0.0 0.0 0.0 0.0
48 CO..JCZ 0.00 -0.00 -0.38 0.04 0.01 -0.01 0.04 -0.06 0.04 0.00 0.0 0.0 O.C 0.0 0.0
49 CO..occ -0.01 0.0 -0.43 -0.06 -0.01 0.01 0.09 0.08 -0.03 0.03 0.0 0.0 0.0 0.0 0.0






SIGNIFICANCE MATRIX -------  CD3-CCBK
51 CZ. . l )CZ 0 . 0 - 0 . 0 0 0 . 1 1 - 0 . 1 3 - 0 . 6 7 - 0 . 2 8 0 . 0 1 - 0 . 7 1 0 . 6 9 t O • o * 0 . 0 0 . 0 O.C 0 . 0 0 . 0
52 CZ..UCC O . J l 0 . 0 0 . 1 3 0 .  18 0 . 6 9 0 . 2 5 0 . 0 1 0 . 9 6 - 0 . 9 9 - 0 . 2 6 0 . 0 O.C c . c 0 . 0 0 . 0
53 CZ. . z e e - 0 . 0  1 0 . 0 - 0 . 2 9 - 0 . 0 5 - 0 . 2 1 C.C1 - 0 . 0 2 - 0 . 2 6 - 0 . 2 6 0 . 2 8 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
59 XCX1 .XCX - 0 . 2 1 0 . 1 0 - 0 . 0 0 1 . 0 2 1 . 3 0 - 8 . 7 8 - 0 . 9 2 0 . 0 6 0 . 0 0 O.OC 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
55 XCX*.CCX 0 . 1  7 - 0 . 1 1 - 0 . 0 1 0 . 5 2 - 2 . 5 9 - 7 . 5 9 1 .3 3 0 . 1 2 - 0 . 0 0 0 . 1 3 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
56 XCA'CCX* - 0 . 2 0 - 0 . 0 5 0 . 0 1 0 . 2 8 - 3 . 2 9 2 . 3 0 - 1 . 9 7 - 0 . 2 9 - 0 . 0 0 - 0 . 3 9 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
57 XCX. .xcx 0 . 0 5 0 . 0 9 0 . 0 1 9 . 6 7 0 . 2 0 1 . 1 6 0 . 3 2 0 . 0 3 O.OC 0 . 0 0 - 0 . 3 5 - 7 . 1 0 - 2 . 5 7 - 0 . 3 8 0 . 0
58 xcx . . CC X - 0 . 0 7 - 0 . 0 9 0 . 0 9 - 5 . 9 7 - 0 .  75 2 . 2 3 - 1 . 5 7 0 . 1 9 - 0 . 0 0 0 . 0 0 0 . 3 0 - 6 . 9 3 5 . 5 7 0 . 8 5 - 0 . 0 1
59 XCX.CCX1 0 . 1 8 - 0 .  08 - 0 .  11 - 5 . 9 8 - 1 . 6 7 - 1 . 6 9 2 . 1 1 - 0 . 5 2 - 0 . 0 1 - 0 . 0  3 0 . 0 0 . 0 0 . 0 0 . 0 o.c
60 XCA51.CA9 - 0 . 0 7 - 0 . 0 9 0 . 0 9 - 6 . 1 1 - 0 . 6 5 2 . 2 9 - 1 . 9 5 0 . 1 9 - 0 . 0 0 0 . 0 0 - 0 . 3 0 7 . 0 9 - 5 . 8 6 - C . 9 8 0 . 0 0
61 CCx.CCX* - 0  . 1 A 0 . 0 9 - 0 . 2 0 3 . 9 2 2 . 1 3 - 1 . 9 0 - 9 . 7 1 - 1 . 0 8 0 . 0 0 - 0 . 2 5 . 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
62 CCX5CCX9 0 . 0 3 0 . 0 5 0 . 0 3 2 . 0 8 0 . 9 9 1 .0 3 1 . 9 7 0 . 1 5 0 . 0 0 0 . 0 2 - 0 . 0 6 - 1  . 6 9 - 3 . 9 6 - 0 . 6 9 - 0 . 0 8
63 CCX' .JCZ 0 . 0 0 0 . 0 0 - 0 .  18 - 0 .  59 1 . 6 3 0 . 3 9 - 0 . 3 7 - 0 . 9 6 - 0 . 1 9 0 . 1 1 0 . 0 0 . 0 0 . 0 C.O o.c
69 c c x 1 .occ - 0 . 1 1 - 0 . 0 0 - 0 . 2 0 0 . 7 6 - 2 . 0 9 - 0 . 9 2 - 0 . 8 7 1 .3 2 0 . 0 7 0 . 7 5 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
65 c c x * . z e e 0 . 1 1 - 0 . 0 0 0 . 3 9 - 0  .2 0 0 . 9 9 - 0 . 0 2 1.  19 - 0 . 3 6 0 . 0 5 - 0 . 9 9 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
66 o c z . . ucC 0 .0 - 0 . 0 0 0 . 1 2 - 0 . 2 2 - 1 .  16 - 0 . 3 5 0 . 0 8 - 0 . 7 3 - 1 . 5 5 0 . 1 5 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
67 OCZ..ZCC 0 . 0 0 0 . 0 - 0 . 2 3 0 .C 6 0 . 2 8 - 0 . 0 1 - G . 1 2 0 . 2 0 - 0 . 8 6 - 0 . 2 3 0 . 0 0 . 0 0 . 0 c.o 0 . 0
68 o c c . . z e e - 0 . 0 7 0.00 - 0 . 2 6 - 0 . 0 8 - 0 . 3 6 0 . 0 1 - 0 . 2 8 - 0 . 2 7 0 . 5 7 - 1 . 3 2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
69 WAu. TCJKS 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 1 0 . 0 3 0 . 8 2 2 . 6 0 - 9 . 0 2
70 M.RK.taAu 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 2 0.99 6 . 3 9 - 9 . 6 1 0 . 3 9









SIGNIFICANCE -MATRIX —   CF3-C0H
1 K »C=U1 0.01 0.65 0.01 O.OC O.OC 0.01 O.CO O.CO 0.01 0.00 0.0 0.0 0.0 0.0 0.0
2 K (C-Z 1 3.16 0.01 0.0 o . o c 0.00 0.00 O.CO 0.00 O.CO 0.00 P.O 0.0 0.0 0.0 0.0
3 K (C-U 0.00 0. 09 0.04 0.15 0.02 0.97 0.15 0.03 0.03 0.00 0.0 0.0 0.0 0.0 0.0
4 K (C-XJ u.o -0.00 0.09 0.52 0.1C 0.00 0.02 0.01 -0.00 0.01 1.09 0.05 0.C2 0.01 O.CO
5 KtC-XI* -0.00 0.00 0.30 0.04 0.56 0.03 0.00 0.00 0.00 0.01 0.0 0.0 0.0 0.0 0.0
6 H(CLU) 0.04 0.07 0.21 0.04 O.OC 0,58 0. 18 0.11 0.81 0.90 0.0 0.0 0.0 0.0 0.0
7 H 1JCZ I 0.01 0.41 1.87 0.13 1.11 3.41 0.17 0.17 1.66 ' 1.45 0.0 0.0 0.0 0.0 0.0
8 H (CCZ 1 0.01 0.82 3.33 0.03 1.15 1.18 0.00 0.01 0.16 0.07 c . o 0.0 0.0 0.0 0.0
9 H 1XCX) 0 .0 -0.00 0.13 0.17 0.08 0.C8 0.82 0.37 0.23 0.02 0.48 0.00 2.03 0.04 -0.00
10 H(XCX1' 0.0 0.0 0.11 0.2C 0. 13 0.01 0.16 1.44 0.08 0.07 0.0 0.0 0.0 0.0 0.0
11 H IXLLI 0.00 0. 05 0. 14 0.13 0.04 0.14 C.3B 0.00 1.08 0.17 0.66 0.69 0.C1 0.44 0 . 0 0
12 H(XCCl ' 0.01 0.09 0.13 0.26 0.06 0.00 0.64 0,10 0.26 0.42 0.0 0.0 O.C c . o 0.0
13 H (WACI 0.0 0.0 0.0 0.0 O.C 0.0 0.0 0.0 0.0 0.0 0.20 1.54 0.00 3.14 0.93
14 H ITDKi) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.01 0.15 o . o c 2.87 19.02
15 F (X— XI 0.0 -0. 00 3.01 0.31 0. 13 0.02 0.72 0.26 0. 13 0.01 0.21 0.C4 1.24 0.01 0.00
16 F(X— XI* 0.0 -0.00 0.09 0.32 0.04 0.00 C.22 0.87 0.06 0.03 -0.07 -O.OC -0.00 -0.00 -0.00
17 F (X— Cl 0 .02 0.30 0 .  11 0.19 0. 31 1.20 0.33 0.04 0.87 0.39 0.21 0.81 o . o c 0.28 0.00
18 F (3— Cl 0.01 0.06 0.07 0.20 0.02 0.38 0.46 0.15 0.37 0.53 0.0 0.0 0.0 0.0 0.0
19 FIC-Z 1 1.65 C.27 2.24 0.19 0.83 0.26 0.10 0.04 0.03 0.04 o . c 0.0 0.0 c . o 0.0
20 F (0— X 1 1. 19 0.28 0.98 0.08 0.48 1.71 0.06 0.07 0.63 0.6C 0.0 0.0 0.0 0.0 0.0
21 C (X— Q1 0.03 0.12 0.23 0.C4 0. 07 0.66 0. 53 0.21 2.22 3.99 0.37 1 .14 0.01 0.09 5.15
22 CU--X* 1 1.19 0.42 5.46 -0.C8 2.34 0.49 0.10 0.05 1.75 0.06 0.27 0.56 0.00 2.37 3.83
23 MOL.Tfchl. -0.00 -0.04 -0.30 -0.43 -0.18 -0.13 -1.05 -0.68 -0.61 -0.34 -0.68 -0.16 -0.51 -0.2C -O.OC
24 c c . . c x a 0.0 0.03 -0.23 -0.15 0.24 -0.34 -0.01 0.02 -0.02 0.00 0.0 0.0 0.0 0.0 0.0






26 CC..cu 0.01 -0.48 -0.05 -0.03 - c . c c 0.21 O • O
\









27 CC..tX -0.19 -0.07 -0.01 -0.02 o . o c 0.07 -0.02 -0.00 0.01 0.00 0.0 0.0 0.0 0.0 0.0
28 CC..XCX* 0 .0 0.02 -0. 14 0.35 0.11 0.16 0.31 0.36 0.09 0.01 0.0 0.0 0.0 0.0 0.0
29 CC..XLX -0.00 -0.03 0.22 C. 46 -0.12 0.85 0.95 -0.29 0.23 -0.01 0.0 0.0 0.0 0.0 0.0
30 CC..ccx -0.01 0. 18 -0.22 -0.40 0.09 -1.03 -0.70 -0.01 -0.55 0.01 0.0 0.0 0.0 0.0 0.0
31 CC..ccx* 0.01 -0. 16 0. 16 -0.39 -0.C8 0.10 -0.64 -0.11 0.18 -0.02 0.0 0.0 0.0 0.0 0.0
32 CC..JCX 0 .J 1 0.38 -0.58 -0.28 -0.34 3.63 -0.33 -0.14 0.42 • 0.02 0.0 0.0 0.0 O'.O 0.0
33 cc..occ -0.02 0. 16 -0.20 0.16 -0.01 -1. 50 0.33 0.11 -0.32 -0.03 0.0 0.0 0.0 0.0 0.0
34 CC..XCC 0.01 -0.54 0.80 0.12 0,34 -2. 17 -0.01 0.03 -0.14 -0.01 0.0 0.0 0.0 0.0 0.0
35 CX* ..CH 0.0 -0.00 -0.47 0.39 -0.66 0.03 -0.01 -0.02 -0.00 -0.02 0.0 0.0 0.0 0.0 0.0
36 CX*.xcx* -0.00 0.00 0.37 -0. 17 0.53 -0.03 -C.Ol 0.14 -0.03 0.05 0.0 0.0 0.0 0.0 0.0
:37 CX*..xcx -0.00 -0.00 -0. 54 -0.22 -0.59 -0.14 -0.04 -0.11 -0.09 -0.04 0.0 0.0 0.0 0.0 0.0
38 CX* . .ccx -0.00 0.03 0.57 0.20 0.42 0.18 0.02 -0.00 0.17 0.10 0.0 0.0 0.0 0.0 0.0
39 CX*. C C X * 0.00 -0.03 -0.38 0.20 -0.3 7 -0.02 0.02 -0.C4 -0.06 -0.12 0.0 0.0 0.0 0.0 0.0
40 CX. .CX5 0.0 -0.00 0.09 0.52 0. 1C 0.00 0.C2 0.01 -0.00 0.01 -1.09 -0.05 -0.02 -0.01 -0.00
41 ex..xcx* 0.00 -0.00 -0.20 -0.9C -0.32 -0.01 0.15 -0.31 0.02 -0.07 0.0 0.0 0.0 0.0 0.0
42 CX..xcx 0.00 0.00 0.22 -0.5 S 0.17 -0.03 0.25 0.1C 0.02 0.03 1.46 -0.01 0.39 0.04 -0.00
43 CX*.XCX4 0.00 0.00 0.22 -0.5S 0.17 -0.03 0.25 0.1C 0.02 0.03 -1.45 0.02 -0.42 -0.04 -0.00
44 CX4.CCX5 0.0 -0.00 -0.23 0.52 -0.12 0.04 -0.17 C.00 -0.04 -0.07 1.69 -0.38 0.02 0.14 -0.00
45 CX4.CCX* 0.0 0.01 0.31 1.03 0.22 -0.01 -0.31 0.08 0.03 0.16 0.0 0.0 0.0 0.0 0.0
46 CX4.CCX4 0.0 -0.00 -0.23 0.53 -0.12 0.04 -0.17 0.00 -0.04 -0.07 -1.69 0.38 -0.02 -0.14 0.00
47 CO..ex -0.36 0.18 0.01 0.00 0.00 0.01 -0.00 0.00 -0.00 0.00 0.0 0.0 0.0 0.0 0.0
48 CO..OCX 0.02 -1.03 0.30 0.03 O.Cl 0.40 -0.04 -0.01 -0.25 -0.06 0.0 0.0 0.0 0.0 0.0
49 CO..occ -0.04 -0.43 0.10 -0.02 -0.00 -0.17 C.04 0.01 0.17 0.04 0.0 0.0 0.0 0.0 0.0







SIGNIFICANCE MATRIX -------  CF3-CCH


















O • O 0.0
52 CZ..OCC O.o9 -0.06 0.03 -0.01 -o.oc -0.06 -0.02 -0.00 -0.05 0.00 0.0 0.0 o.c C.O 0.0
53 CZ..zee -0.29 0.20 -0.15 -0.01 -O.OL -0.09 0.00 -0.00 -0.02 0.00 0.0 0.0 0.0 0.0 0.0
54 xcx* .xcx 0.0 -0.00 -0.34 0.52 -0.28 0.06 1.02 -2.08 0.38 -0.12 0.0 0.0 0.0 0.0 0.0
55 xcx*.ccx 0.0 0.02 0.35 -0.46 0.2C -0.08 -0.6B -0.05 -0.86 0.32 0.0 0.0 0.0 0.0 0.0
56 XCA'CCX* 0.0 -0.02 -0.24 -0.45 -0. 18 0.01 -0.62 -0.78 0.28 -0.36 0.0 0.0 0.0 0.0 0.0








 ! -0:04 -0.00











59 XCX.CCX* -0.00 0.02 0.35 -0.59 0. 15 0.04 -2.05 0.55 0.69 0.27 0.0 0.0 0.0 0.0 0.0
60 XCX5CCA4 0.0 -0.01 -0.26 -0.3C -0.11 -0.22 -I. 12 0.02 -1.01 -0.13 -1.13 -0.06 -0.2 5 -0.26
00•0
61 CCX.ccx* -0.02 -0. 19 -0.37 0.52 -C.14 -0.05 1.40 0.02 -1.50 -0.79 0.0 0.0 O.C o.c 0.0
62 CCA5CCX4 0.00 0.05 0.14 0.13 0.04 0. 14 0.38 0.00 1.07 0.17 -0.66 -0.70 -0.01 -0.44 -0.00
63 CCX*.CCZ 0.02 -0.38 -0.95 0.38 0.52 0.21 C. 62 0.26 1.27 -1.64 0.0 0 .0 0.0 0.0 0.0
64 CCX*.uCC -0.04 -0. 16 -0.33 -0.2C 0.01 -0.06 -0.68 -0.21 -0.94 1.23 0.0 0.0 0.0 0.0 0.0
65 ccx*.zee 0.02 0.55 1.30 -0. 17 -0.54 -0.09 -0.02 -0.06 -0.42 0.33 0.0 0.0 0.0 0.0 0.0
66 0C2..UCC -0.04 0.34 1.26 -0.14 0.05 -2.30 -0.36 -0.27 -2.35 -2.42 0.0 0.0 0.0 0.0 0.0
67 OCZ..ZCC C.02 -1.13 -4.90 -0.12 -2.30 -4.15 0.00 -0.07 -1.C7 -0.68 0.0 0.0 0.0 0.0 0.0
68 o c c ..zee -0.03 -0.47 -1.68 0.06 -0.05 1.66 -0.02 0.05 0.68
h**4*•O 0.0 0.0 0.0 0.0 0.0















70 M.RK.riAG 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -1.01 -2.97 0.01 3.26 -0.16
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26 CC..C0 c • c M -0.52
1
Oo•01 -0.05 C.G1





















-0.00 0.0 O • CD 0.0









27 CC..CZ - 0  • 1 0 -0.30 a . o o -0.09 0.C8 0.10 -0.03 -O.CO 0.01 -0.00 0.0 0.0 0.0 0.0 0.0
28 CC..XCX* 0.0 0.01 -0.01 0.19 0. 19 0.20 0.26 0.39 0 . 0 8 0 . 0 1 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
29 CC..XCX 0 . 0 -0.02 0.01 0.67 0.21 0 . 5 5 0.82 -0.26 0.25 -0.01 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
30 CC. . C l . X -0 .0 1 0.17 -0.01 - 0 . 6 1 -0.38 -0.55 -0.63 -0.03 -0.57 0.01 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
31 CC.-CCX' 3.02 -0. 16 0.02 -0. 25 - c . o i -0.12 -0.56 -0.09 0.19 -0.0 3 0.0 0.0 0 . 0 ■ 0.0 0 . 0
32 CC..UCZ 0.00 0.39 -0.01 -0.23 -0.65 3.18 -0.39 -0.19 0.50 0.02 0.0 o . o 0 . 0 ' c . o 0 . 0
33 CC..OCC -0.03 0.09 -0.01 0.01 -0.60 -0.77 0.29 0.09 -0.39 -0.09 0.0 0.0 0.0 0.0 0.0
39 CC..ZCC U .02 -0.98 0.03 0.21 1.25 -2.93 0.09 0.05 -0.20 -0.01 0.0 0 . 0 0 . 0 0.0 0.0
35 CX1 . .Ch 0.0 -0.00 -1.32 0.76 -0.15 C.OI -0.00 -0.02 -0.01 -0.02 0.0 0 . 0 0 . 0 0.0 0 . 0
36 CX'.XCX* o .0 0 . 0 0 0.87 -0.29 0.05 -0.09 -0.01 0.16 -0.03 0.05 0.0 0.0 0.0 c . o 0.0
37 CX* ..XCX -3.00 -0.00 -0.58 -0.88 0. 11 -0. 12 -0.03 -0.12 -0. 11 -0.09 0.0 0.0 0.0 0.0 0.0
38 CX* . . c c x 0.00 0.02 0.67 0.75 -0. 15 0.13 0.01 -0.01 0.22 0.10 0.0 0.0 0.0 0.0 0.0
39 CX'.CCX* -0.00 -0.02 — 0.68 0.31 -0.01 0.03 0.00 -0.09 -0.08 -O.ll 0.0 0 . 0 o . c 0.0 0 . 0
90 CX..CX5 0.0 -0.00 0.92 0.26 0.03 0.00 0.02 0.01 0.00 0.01 -1.10 -0.09 -0.02 -0.01 -0.00
91 ex..xcx* 0.0 0.0 -1.09 -0.36 -0.09 -0.00 0. 15 -0.31 0.02 -0.07 0.0 0.0 0.0 0.0 0.0
92 C X . . x c x 0 .00 0.0 0.90 -0. 58 -0.05 -0.00 0.25 C.10 0.02 0.02 1.97 -0.02 0.39 0.03 0.00
93 CX1*. XCX9 0.00 0.0 0.90 -0. 58 -0.05 -C.00 0.25 0.10 0.02 0.02 -1.96 0.02 -0.92 -0.03 0.00
99 CX9.CL.X5 -0.00 0.0 -0.90 0.53 0.09 0.00 -0.17 0.01 -0.0 5 -0.07 1.69 -0.36
o
•o 0.11 -0.00
95 CX9.CCX* 0.00 -0.01 1.12 0.92 0.01 0.00 -0.31 0.07 0.09 0.15 0.0 0.0 0 . 0 0.0 0.0
96 CX9.CCX9 -0.00 0.0 -C.90 0.53 0.05 0.00 -0.17 0.01 -0.05 -0.07 -1.69 0.36 -0.03 -0.11 -0.00
97 CO..CZ -0.88 0 . 6 6 -0.00 0.01 O.OC 0.02 -0.00 0.00 -0.01 0 . 0 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0





°l 0 . 0 0 . 0 0 . 0 0 . 0
9 9 CO..ucc -0.22 -0.21 0.09 -0.00 -0.01 - 0 . 1 1 O * o 0 . 0 0 0.15 0 . 0 9 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
50 CO..zee 0.19 1.06 -0.07 -0.03 0.02 -0.37 0.00 -0.00 0.09 0.01 0.0 0.0 0.0 0.0 0.0
iv-303
SIGNIFICANCE MATRIX -------  CF3-C0D













































-0.06 -0 .04 -0.00 -0.06 -0.00 0.0 0.0 0.0 0.0 0.0
53 CZ../CC -C.s»6 0.61 0.02 -0.03 0. 16 -0.20 -0.00 -0.00 -0.04 0.00 0.0 0.0 0.0 •o.o 0.0
5* xcx1 .xcx 0.0 -0.00 -0.51 0.37 0.06 0.07 0.99 -2.00 0.30 -0.12 0.0 0.0 o.c 0.0 0.0
55 XCX*.ccx 0.00 0.01 0.54 -0.34 -0.11 -0.07 -0.66 -0.25 — 0.66 0.31 0.0 0.0 0.0 0.0 0.0
56 XCX'CCX* -0.00 -0.01 -0.72 -0.14 -O.OC -0.02 -0.59 -0.73 0.23 -0.36 0.0 0.0 0.0 0.0 0.0
57 XCX..xcx G.00 -0.00 0.10 0.32 0.02 0.05 0.82 0.33 0.24’ 0.02 -0.49 -0.00 -2.04 -0.03 -0.00
58 xcx..ccx 0.0 -0.01 -0.19 -0.58 -0.06 -0.10 -1.12 0.09 -1.01 -0.12 1.13 0.1C 0.25 C. 15 -0.00
59 xcx.ccx* 0.0 0.01 0.53 -0.48 -0.00 -0.05 -2.02 0.48 0.73 0.26 0.0 0.0 0.0 0.0 0.0
60 XCX5CCX4 Ci.O -0.01 -0.19 -0.50 -0.C6 -0.10 -1.12 0.09 -1.01 -0.12 -1.13 -0.10 -0.26 -0.2C -o.oc
61 CCX.ccx* -0 .08 -0. 12 -0.54 0.44 0.01 0.06 1.38 0.06 -1.52 -0.76 0.0 0.0 0.0 0.0 0.0
62 CCX5CCX4 0.02 0.03 0. 10 0.27 0. Oo 0.06 0.39 0.01 1.03 0.16 -0.65 -0.79 -0.C1 -0.34 o.cc
63 CCX*.UCZ 0.02 -0.26 -0.36 0.17 0.01 -0.25 0.73 0.26 1.45 -1.65 0.0 0.0 O.C 0.0 0.0
64 CCX*.ucc -0.15 -0.06 -0.62 -0.01 0.01 0.08 -0.68 -0.17 -C.96 1.23 0.0 0.0 0.0 0.0 0.0
65 CCX*.£CC 0.12 0.33 1.00 -0.15 -0.02 0.26 -0.15 -0.10 -0.58 0.34 0.0 0.0 0.0 0.0 0.0
66 OCZ..UCC -0.04 0. 15 0.31 -0.01 0.67 -1.71 -0.43 -0.26 -2.56 -2.48 0.0 0.0 0.0 0.0 0.0
67 UCZ..ZCC 0.03 -0.77 -0.47 -0.14 -1.40 -5.52 -0.07 -0.16 -1.59 -0.73 0.0 0.0 0.0 0.0 0.0
68 OCl..ACC -0.22 -0.19 -0.32 0.01 -1.26 1.34 0.04 0.09 0.93 0.49 0.0 0.0 0.0 0.0 0.0











70 M.KX.MAG 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.86 -2.74 C.OI 2.51 -0.12




SIGNIFICANCf MATH I X -------- CF3-C0F
1 K { ( . - 0 1  0.66 0.00 0.00 0.00 0.01 0.00 0.00 O.OC 0.00 O.OC 0.0 0.0 0.0 0.0 0.0
2 K (C- L  1 0 .04 0.02 0.01 0.73 0. 11 0.03 0.12 0.02
\£\©*o 0.02 0.0 0.0 0.0 0.0 O.C
3 K (t,-C> 0.10 0.33 0.04 0.36 0.37 0.00 0.02 0.02 o.oc 0.00 0.0 0.0 O.C • 0.0 0.0
4 K (C-X) u .0 0 0.04 0.63 O.CO 0.02 0.00 0.00 0.00 o.oc 0.00 1.13 0.0 0.02 0.03 0.01
5 MC-XI* 0.00 0.56 0.22 0.07 O.CC 0.02 0.00 0.02 -0.00 0.00 0.0 0.0 0.0 0.0 0.0
6 H1CC01 0.09 0.18 0.27 0.73 0.06 0.10 0.22 0.28 0.04 0.03 0.0 0.0 0.0 0.0 0.0
7 H (JCZ 1 0.06 0.03 0.02 0.61 O.OC 0.05 0.59 0.01 0.40 0.35 0.0 0.0 . O.C ■o.o 0.0
8 H 1CCZ 1 0.2 3 0.06 0.13 0.01 0.08 0.01 0.09 0.20 0. 19 0.59 0.0 o.c 0.0 0.0 0.0
9 H (XCX) J.OO 0.54 0.01 0.01 0.29 0.27 0.31 0.07 0.01 0.04 0.48 1.59 0.17 0.2C 0.03
10 K(XCXI* o.oc 0.0 0. 51 0.03 0.27 0.64 0.00 0.19 0.05 0.00 0.0 0.0 O.C 0.0 0.0
11 H (XCC) 0.03 0.56 0.01 0.03 0.22 C.OC 0.12 0.41 0.14 0.14 0.40 0.02 2.27 0.67 0.04
12 H(XCC)' 0.U9 0.00 0.53 0.03 0.38 0.01 0.06 0.01 0.75 0.08 0.0 0.0 0.0 0.0 0.0
13 H (WAG) 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.08 0.16 1.62 11.44 2.89
14 H (TUK5) O.u 0.0 0.0 0.0 0.0 0.0 0.0 O.C 0.0 0.0 0.00 0.01 O.CO 0.81 2.66
15 F (X—  X) 0.00 0.35 -0.04 0.04 0.37 0.33 0.31 0.12 0.00 0.02 0.21 1. 16 0.08 C.08 0.01
16 F(X--X ) ' 0.00 0.05 0.30 0.01 0.33 0.52 0.00 0.12 0.02 0.00 -0.08 O.CO -0.00 -O.OC -0.00
17 F (X— C) 0.27 0.05 0.23 1.02 0.33 0.04 0.24 0.56 0.69 0.17 0.24 0.02 1.57 0.38 0.02
18 F I J— Cl 0.07 0. 12 0.30 0.14 0 .60 0.03 0.06 0.29 0.03 0.01 0.0 0.0 0.0 0.0 0.0
19 Flt-Z 1 0.10 0.29 0.05 -0.01 0.38 0.07 0.07 0.17 0.36 0.75 0.0 0.0 0.0 0.0 0.0
20 F 10--Z ) 0.06 0.01 0.01 0.15 0.14 0.13 0.91 0.02 0.16 0.17 0.0 0.0 0.0 0.0 0.0
21 C 1X--U) 0.20 0.26 0.18 0.48 0.71 0.09 0.23 1.60 1.77 0.33 0.34 0.01 1.63 0.07 0.78
22 C(X— X* ) 0.22 0.09 0.29 -0.05 0.22 0.11 0.25 0.15 0.42 3.39 0.28 0.05 2.93 2.23 0.42
23 MOL.Ttft. -0.03 -0.59 -0.64 0.01 -0.56 -0.26 -0.21 -0.19 -0.35 -0.12 -0.57 -0.22 -1.09 -0.52 -0.05
24 CC..CX* 0.01 -0.86 0.19 0.32 0.06 0.01 -0.01 -0.04 -0.00 0.00 0.0 0.0 0.0 0.0 0.0




SIGNIFICANCE MATRIX -------  CF3-C0F
26 CC* .Ci) -C.50 -0.01 0.02 -0.02 0.1C 0.00 0.00 C. 02 C.OC 0.0 0.0 0.0 o.c 0.0 c.o
27 CC..CZ 0.12 -0. 16 0.09 -1.03 C.9C 0.01 0.09 -0,09 0.01 0.01 0.0 0.0 0.0 0.0 0.0
28 CC..xcx* 0:02 0.02 0.29 0.2C 0.63 -0.0 8 0.01 -0.19 -0.02 0.00 0.0 0.0 0.0 ' 0.0 o.c
29 cc..xcx 0.00 1.21 -0.09 -0.12 0.93 0.05 -0.20 -0.12 -0.01 -0.03 0.0 0.0 0.0 0.0 0.0
30 cc..ccx 0.16 -1.21 0.09 -0.30' -0.81 -0.00 0.13 0.27 -0.09 0.05 0.0 0.0 o.c 0.0 0.0
31 CC..CCX* -0.19 0.02 -0.29 0.21 -0.76 0.01 0.06 -0.03 0.05 -0.03 0.0 0.0 0.0 0.0 0.0
32 CC..OCZ 0.15 0. 19 -0.06 0.99 0.05 0.02 0.18 -0.03 -0.0V -0.06 0.0 0.0 0.0 0.0 0.0
33 CC..UCC 0.18 -0.98 0.21 -1.03 0.31 -0.03 -0.12 0.16 0.01 -0.02 0.0 0.0 o.c 0.0 0.0
39 cc..zee -0.33 0.29 -0.15 0.09 -0.35 0.01 -0.07 -0.19 0.03 0.07 0.0 0.0 0.0 c.o 0.0
35 CX*..CH 0.3 0.99 -1.10 -0.05 0.02 -C.OI O.Cl -0.01 -0.00 -0.00 0.0 0.0 0.0 0.0 0.0
36 ex*.xcx* 0.00 -0.00 0. 66 0.09 0.05 -0.29 -0.00 0.11 0.00 0.00 0.0 0 .0 0.0 0.0 0.0
37 CX* ..ACX U. 00 -1.59 -0.10 -0.05 0.03 0.21 0.09 0.09 0.00 -0.03 0.0 o.c 0.0 0.0 0.0
38 ex*..ccx 0.01 1.59 0.10 -0.13 -0.07 -0.00 -0.03 -0.23 O.Cl 0.05 0.0 0.0 0.0 0.0 0.0
39 ex*.ccx* -0 .01 -0.01 -0.69 0.10 -0.07 0.02 -0.01 0.03 -0.02 -0.03 0.0 0.0 0.0 0.0 0.0
90 CX..CX5 0.00 0.09 0.68 0.00 0.02 0.00 C. 00 0.00 0.00 0.00 -1.13 -0.00 -0.02 -0.03 -0.01
91 CX. .XCX* -0.00 -0.00 — 1.66 -0.03 0.19 0.06 -0.01 -0.03 -0.03 -O.OC 0.0 0.0 0.0 0.0 0.0
92 CX. .xcx 0.00 -0.29 0.11 0.01 0.19 -0.03 0.08 -0.01 -0.01 0.01 1.97 0.09 0.10 0.15 0.03
93 CX9.XCX9 0.00 -0.29 0.11 0.01 0. 19 -0.03 0.08 -0.01 -0.01 0.01 -1.97 -0.06 -0.11 -0.16 -0.03
99 CX9.CCX6 -0.01 0.31 -C. 13 0.02 -0.12 0.00 -0.05 0.03 -0.09 -0.02 1.39 -0.01 0.37 0.28 0.03
95 CX9.CCX* 0.02 -0.00 1.69 -0.03 -0.23 -0.01 -0.05 -0.01 0.13 0.02 0.0 o.c 0.0 0.0 0.0
96 CX9.CCX9 -O.01 0.31 -0.13 0.02 -0.12 0.00 -0.05 0.03 -0.09 -0.02 -1.39 o.oc -0.38 -0.29 -0.03
97 CO..c2 -0.32 0.00 o.ol 0.C2 0.05 C.00 0.01 -0.02 -0.00 0.00 0.0 0.0 0.0 0.0 0.0
98 CQ..UCZ -0.38 -0.00 -0.01 -0.02 3.01 0.01 0.02 -0.01 0.01 -0.00 0.0 0.0 0.0 0.0 0.0
99 CO..occ -0.97 0.01 0.09 0.02 0.09 -0.01 -0.02 0.07 -0.00 -0.00 0.0 0.0 0.0 0.0 0.0
50 CO..zee 0.65 -0.01 -0.03 -0.00 -0.09 0.00 -0.01 -0.06 -0.01 -0.00 0.0 0.0 0.0 0.0 0.0
iv-306
I
SIGNIFICANCE MATRIX -------  CF3-C0F
51 CZ..CJCZ 0 . 1 0 - 0 .  05 - 0 . 0 3 - 1 . 3 3 0 . 0 2 0 . 0 8 0 . 5 3 0 . 0 2 - 0 . 2 8 - 0 . 1 8 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
52 C Z . . u c c 0 . 1 2 0 . 1 2 0 . 1 1 1 . 4 5 0 .  16 - 0 . 1 1 - 0 . 3 3 - 0 . 1 4 0 . 0 9 - 0 . 0 5 0 . 0 0 . 0 o . c 0 . 0 C.O
53 C Z . . zee - 0  .21 - 0 . 0 7 - 0 . 0 8 - 0 .  13 - 0 . 1 5 0 . 0 3 - 0 . 2 C 0 . 1 2 0 . 1 9 0 . 2 3 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
54 x c x * . x c x 0 . 0 0 . 0 4 - 0 .  16 - 0 . 0 3 0 .  75 - 1 . 1 7 - C . 0 9 0 . 3 2 0 . 0 5 - 0 . 0 2 0 . 0 0 . 0 o . c 0 . 0 0 . 0
55 XCX* .ccx 0 . 0 1 0 . 0 0 0 . 1 4 - 0 . 0 8 - 0 . 6 7 0 .0 1 0 . 0 3 - 0 . 8 2 0 . 2 4 0 . 0 2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
56 XCX'CCX* - 0 . 0 2 0 . 0 0 - 1 . 0 4 0 . 0 6 - 0 . 6 4 - 0 . 1 2 0 . 0 2 0 . 0 9 - 0 . 4 0 - 0 . 0 1 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
57 XCX..XCX 0.00 0 . 5 4 0 . 0 1 0 . 0 1 0 . 2 9 0 . 2 7 0 .3 1 0 . 0 7 0 . 0 1  ' 0 . 0 4 - 0 . 4 8 - 1 . 6 0 - 0 . 1 8 - 0 . 2 1 - 0 . 0 3
58 x c x . . c c x 0 . 0 0 - 1 .  10 - 0 . 0 1 0 . 0 2 - C . 5 0 - 0 . 0 0 - 0 . 3 9 - 0 . 3 5 0 . 0 6 - 0 . 1 5 0 . 8 8 - 0 . 2 9 1 . 2 3 0 . 7 3 0 . 0 7
59 x c x .c c x * -O.LlO 0 . 0 4 0 . 1 4 - 0 . 0 3 - 0 . 9 3 0 . 1 1 - 0 . 4 0 0 . 0 7 - 0 . 1 9 0 . 1 6 0 . 0 0 . 0 0 . 0 C.O 0 . 0
60 XCX5CCX4 0 . 0 0 - 1 . 1 0 - 0 . 0 1 0 . 0 2 - 0 . 5 0 - 0 . 0 0 - C . 3 9 - 0 . 3 5 0 . 0 6 - 0 . 1 5 - 0 . 8 7 0 . 3 4 - 1 . 3 C - 0 . 7 6 - 0 . 0 7
6i CCX.ccx* - 0  . 1 5 - 0 . 0 2 - 0 . 1 7 - 0 . 0 9 0 . 8 1 - 0 . 0 0 0 . 2 5 - 0 . 1 8 - 0 . 9 3 - 0 . 3 0 . 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
62 CCX5CC X<* 0 . 0 3 0 . 5 6 0 . 0 1 0 . 0 3 0 . 2 2 0 . 0 0 0 . 1 2 0 . 4 1 0 . 1 4 0 . 1 4 - 0 . 4 0 - 0 . 0 1 - 2 . 2 8 - 0 . 7 2 - 0 . 0 5
63 CCX* .ucz - 0 . 1 4 0 . 0 3 0 . 2 2 0 . 2 8 - 0 . 0 4 0 . 0 3 0 . 3 3 0 . 0 2 - 1 . 1 0 0 . 3 3 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
64 CCX*.OCC - 0 . 1 7 - 0 . 0 0 - 0 . 7 4 - 0 . 3 1 - 0 . 3 1 - 0 . 0 5 - 0 . 2 4 - 0 . 1 1 0 . 3 4 0 . 1 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
65 C CX * . zee 0 . 3 1 0 . 0 0 0 .  53 0 . 0 3 0 . 3 5 0 .0 1 - C .  15 C. 09 0 . 7 4 - 0 . 4 5 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
66 u c z . . o c c 0 . 1 4 - 0 .  14 - 0 . 1 5 - 1 . 3 3 0 . 0 2 - 0 . 1 4 - 0 . 7 3 - 0 . 0 9 - 0 . 2 6 0 . 2 1 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
67 u c z . . z e e - 0 . 2 5 0 . 0 9 0 .  11 0 . 1 1 - 0 . 0 2 0 . 0 4 - 0 . 4 5 0 .  08 - 0 . 5 4 - 0 . 9 3 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
68 o c c . . z e e - 0 . 3 0 - 0 . 2 1 - 0 . 3 8 - 0 . 1 3 - 0 . 1 5 - 0 . 0 5 0 . 2 8 - 0 . 4 9 0 . 1 7 - 0 . 2 8 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
69 WAb.TUAi 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 1 0 . 0 6 0 . 1 7 6.11 - 6 . 5 2
70 M.KK.k AC 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 - 0 . 4 9 - 0 . 1 3 - 5 . 0 4 - 8 . 6 9 - 1 . 3 0




SIGNIFICANCE MATRIX -------  CF3-C0CL
1 K (C=U) 0.68 0.0 0.00 0.00 0.01 0.00 0.00 o.oc O.OC 0.00 0.0 0.0 0.0 0.0 0.0
2 K (C-Z » 0 . 0 9 0.00 0.00 0 . 5 2 0. 18 o.oc 0.11 0.10 0 . 0 8 0 . 0 3 0.0 0.0 0.0 0.0 0.0
3 K CC-C) 0 .0 9 0 . 2 8 0 . 0 3 0 . 6 5 C. 27 0 . 0 3 0.01 -0.00 0.00 0.00 0.0 0.0 0.0 0.0 0.0
4 K (C-X) ~0 . uO 0. 10 0 . 6 3 0.00 0.01 -0.00 0.00 0.00 O.CO 0.00 1 . 1 6 0.00 0.02 C. 0 3 0.02
5 K(C-X)• 0.00 0 . 5 1 0 . 3 6 0.02 0.00 0.01 0.00 0.01 0.00 0.00 0.0 0.0 0.0 0.0 0.0
6 H(CCU t 0 . 0 8 0 . 0 6 0.22 l.CC 0.20 0 . 0 8 0 . 0 3 0 .4 1 0.12 0.00 0.0 0.0 0.0 0.0 0.0
7 H (UCZ ) 0 . 0 5 0.00 0.01 0 . 9 3 0.02 0.00 0 . 3 2 0 . 2 6 0 .4 8' 0 . 4 7 0.0 0.0 0.0 0.0 0.0
8 h (cez } 0 . 2 5 0 . 0 3 0 . 15 0.00 0.10 0.11 0 . 1 4 0.02 0.12 0 . 4 4 0.0 0.0 0.0 0.0 0.0
9 H (XCA) 0.0 0 . 5 2 0 . 0 3 0.01 0 . 4 7 0 . 4 3 0.12 0.00 0.00 0 . 0 3 0 . 4 6 1 . 6 4 0 . 3 4 0 . 1 7 0 . 0 9
10 HlXCX t' 0 .0 0.01 0 . 4 7 0.02 0 . 13 0.68 0 . 4 0 0 . 1 8 0 . 0 6 0.01 0.0 0.0 0.0 0.0 0.0
11 H (XCC) O.0 3 0 . 4 9 0 . 0 3 0. 12 0. 18 0 . 0 3 0 . 4 3 0 . 1 6 0 . 1 7 0 . 1 3 0 . 4 0 0 . 0 5 2.22 0 . 6 7 0 . 4 0
12 HlXCC)' 0 . 0 8 0.01 0 . 4 7 0 . 0 4 0 . 5 3 0.02 0 . 0 4 0.01 0 , 7 1 0.12 0.0 0.0 O.C 0.0 0.0
13 H ( rlAu) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 . 0 5 0 . 1 9 0 . 9 5 9 .88 5 . 6 3
14 H (IUKi) 0.0 0.0 0.0 C.O 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.01 0.02 1.12 1.88
15 F (X— X) 0.0 0 . 4 2 -0 . 0 8 0 . 0 5 0 . 5 0 0 . 4 6 0 . 1 4 0.00 0.00 0.01 0.2 2 1. 1C o . i e 0 . 0 7 0 . 0 3
16 F <X~X)• 0.00 0 . 0 9 0 . 2 9 0.01 0 . 1 8 0 . 4 8 0 . 3 1 0.10 0 . 0 3 o.oc -0 . 0 8 -o.cc -c.oc -O.OC -0.00
17 F (X--C> 0 . 2 7 0 . 0 8 0.21 1.4C 0 . 3 3 0.11 0 . 4 8 0. 19 0.66 0.16 0 . 2 4 0 . 0 6 1 . 5 7 0 .4C 0 . 2 4
18 F (U--C) 0 . 0 8 0. 13 0 . 2 4 0.22 0.6 8 0.12 0.01 0 . 2 4 0 . 0 6 0.00 0.0 0.0 0.0 0.0 0.0
19 F(C-Z ) 0 . 0 9 0 . 2 9 0 . 0 8 -0 . 0 8 0 . 2 8 0 . 0 6 0 . 0 5 0 . 1 5 0 . 3 3 0.66 0.0 0.0 0.0 0.0 O.C
20 F (U— I ) 0 . 0 8 0.00 0.00 0.20 0 . 1 5 0.01 0 . 5 6 0 . 4 0 0.12 0 . 1 6 0.0 0.0 0.0 C.O 0.0
21 C ( X— OJ 0.20 0 . 1 5 0.21 0.68 0. 86 0 . 3 5 0 . 4 8 1 .1 3 2 . 0 8 0 . 2 5 0 . 3 5 0 . 0 4 1 .5 1 0 . 0 3 1 . 2 9
22 CCX— X* ) 0.21 0.01 0 . 4 2 -O.OS 0 . 1 8 0.10 0 . 3 5 -0.01 0 . 2 4 2 . 7 2 0 . 2 7 0.12 2 . 8 7 2 . 7 6 -0 . 2 8
23 MOL.TtN. -0 . 0 3 -0 . 5 3 -0 . 6 3 -0 .C4 -0 . 5 6 -0 . 4 5 -0 . 3 9 -0 . 0 3 -0 . 3 7 -0 . 1 4 -0 . 5 5 -0 . 1 3 -1 . 3 3 -0 . 4 9 -0 . 2 8
24 CC..CX* 0.01 -0 . 7 5 0.20 0.22 0 . 0 5 -0 . 0 4 -0.01 -0.00 0.00 -0.00 0.0 0.0 0.0 0.0 0.0




SIGNIFICANCE MATRIX -------  CF3-CCCL













0. 08 0.01 0.01 0.00
OO6O -0.00 ' 0.0 0.0 0.0








27 CC..CZ 0.18 -0.05 0.02 -1.17 0.66 0.01 0.C5 -0.01 -0.00 -0.00 0.0 0.0 0.0 0.0 0.0
2a CC..XCX' 0.01 0. 11 0.22 0.22 0. 38 0.26 -0.11 -0.01 0.00 -0.00 0.0 0.0 0.0 ■ 0.0 0.0
29 cc..xcx 0.01 1.09 -0.08 0.27 0.95 -0.32 -0.09 -o.oc 0.00 0.00 0.0 0.0 0.0 0.0 0.0
30 cc..CCX 0.16 -1.05 0.09 -0.80 -0.62 0.08 0.16 0.01 0.00 -0.01 0.0 0.0 0.0 0.0 0.0
31 cc..ccx* -0.17 -0. 12 -0.23 0.33 -0.77 -0.05 0.03 -0.00 -0.02 0.00 0.0 0.0 0.0 0.0 0.0
32 cc..ucz 0.13 0.07 -0.03 1.56 -0.15 0.02 0.09 -0.01 o.oo- 0.00 0.0 0.0 0.0 0.0 0.0
3Ii cc..ucc 0.17 -0.25 0.15 -1.62 0.67 0.09 -0.03 0.01 -0.00 -0.00 0.0 0.0 0.0 0.0 0.0
36 cc..zee -0.30 0.19 -0.13 0.06 -0.32 -0.11 -0.07 -0.00 -0.00 -0.01 0.0 0.0 0.0 0.0 0.0
35 CX* . .CH 0.0 0.65 -1.36 -0.01 0.01 0.00 0.00 -0.02 -0.00 -0.01 0.0 o.c 0.0 0.0 0.0








37 CX'..xcx -0.00 -1.62 -0.36 0.05 0.08 C.2C 0.06 0.01 o.oc -0.03 0.0 0.0 0.0 0.0 0.0
3a ex*. .ccx 0.00 1.62 0.30 -0.16 -0.05 . -0.05 -0.12 -0.11 0.C2 0.07 0.0 0.0 0.0 0.0 0.0
39 CX'.CCX' -0.01 0.17 -0.83 0.06 -0.07 0.03 -0.03 0.02 -0.03 -0.06 0.0 0.0 0.0 0.0 0.0
60 CX..CX5 -0.00 0. 10 0.63 O.CO 0.01 -0.00 0.00 0.00 o.oc 0.00 -1. 16 -0.01 -0.02 -0.03 -0.02
61 CX..xcx* 0.00 -0.08 -1.56 -0.01 0.11 -0.03 0.03 -0.08 -0.03 -0.01 0.0 0.0 0.0 0.0 0.0
62 cx. .xcx -0.00 -0.65 0.28 -0.00 0.15 0.01 0.01 -0.00 -0.00 0.01 1.66 0.17 C. 15 C. 13 0.08
63 CX6.XCX6 -0.00 -0.65 0.28 -0.00 0.15 0.01 0.01 -0.00 -0.00 0.01 -1.65 -0.19 -0.15 -0.16 -0.09
66 CX6.CCX5 -0.01 0.65 -0.30 0.01 -0.C5 -0.00 -0.02 0.05 -0.03 -0.03 1.37 -0.C3 0.37 0.27 0.18
65 CX6.CCX* 0.01 0. 11 1.55 -C.OI -0.23 o.oc -0.01 -0.02 0.09 0.06 0.0 0.0 0.0 0.0 0.0
66 CX6.CCA6 -0.01 0.65 -0.30 0.01 -0.09 -0.00 -0.02 0.05 -0.03 -0.03 -1.37 0.03 -0.38 -0.27 -0.18
67 CC..CZ -0.69 -0.00 0.00 0.00 0.07 0.00 0.06 -0.02 0.00 0.01 0.0 0.0 0.0 0.0 0.0
68 CO. .ucz -0.36 0.00 -0.00 -0.01 -0.02 0.00 0.07 -0.03 -0.01 -0.03 0.0 0.0 0.0 0.0 0.0
69 CO..occ -0.66 0.00 0.03 0.01 0.07 0.01 -0.02 0.06 0.00 0.00 0.0 0.0 0.0 0.0 0.0




51 CZ..JCZ 0.13 -0.01 -0.01 -I. 40 -0.12 0.00 0.38 0.33 -0.4C -0.23 0.0 0.0 0.0 0.0 0.0
52 CZ..UCC 0.17 0.02 0.04 1.45 C. 37 0.01 -0. 12 -0.42 C.20 0.01 0.0 0.0 0.0 C.O 0.0
53 CZ..zee -0.30 -0.02 -0.04 -0.05 -0.26 -0.02 -0.25 0.08 0.20 0.22 0.0 0.0 o.c 0.0 0.0
5* XCX1.XCX u .0 0.22 -0.37 0.04 0.71 -1.55 0.62 0.03 0.01 -0.04 0.0 0.0 0. 0 0.0 0.0
55 XCA'.cCX 0.01 -0. 16 0.34 -0.13 -0.41 0.41 -1.21 -0.51 0.27 0.08 0.0 0.0 0.0 0.0 0.0
56 XCX'CCx* -0.01 -0.02 -0.94 0.05 -0.51 -0.23 -0.26 0.08 -0.42 -0.06 0.0 0.0 0.0 0.0 0.0
57 XCX..ACX 0.00 0.52 0.03 0.01 0.47 0.43 0.12 0.00 0.00 0.03 -0.46 -1 .64 -0.36 -0.18 -0.09
58 XCA..CCX 0.00 -1.00 -0.07 -0.08 -0.56 -0.22 -0.49 -0.03 0.01 -0.13 0. 86 -0.52 1.67 C .65 0.36
59 XCX.CCA* -u .00 -0.23 0.34 0.07 -1.40 0.24 -0.21 0.01 -0.05 0.17 c.o 0.0 0.0 0.0 0.0
60 XCX5CCX4 0.00 -1.01 -0.07 -o.oa -0.57 -0.23 -0.48 -0.02 0.01 -0.13 -0.86 0.61 -1.80 -0.71 -0.40
ol CCX.ccx* -0 .1 5 0.24 -0.36 -0.20 0.87 -0.07 0.37 -0.10 -0.98 -0.36 0.0 0.0 0.0 0.0 0.0
62 CCX5CCX4 0.04 0.50 0.03 0. 12 0.18 0.03 0.43 0.16 0.16 0. 13 -0.40 -0.C5 -2.23 -0.72 -0.44
63 CCX*.GCZ -0.13 -0.01 0.12 0.39 0.2C -0.02 0.22 0.09 -1.19 0.46 0.0 0.0 0.0 0.0 0.0
64 CCX*.uCC -0.16 0. 06 -0.64 -0.40 -0.67 -0.03 -0.08 -0.12 0.58 -0.02 0.0 0.0 0.0 0.0 0.0
65 CCX*.zee 0.29 -0.04 0.53 0.01 0.45 0.09 -0.15 0.02 0.58 -0.47 0.0 0.0 0.0 0.0 0.0
66 0CZ..UCC 0.12 -0.03 -0.08 -1.93 -0.13 0.03 -0.21 -0.67 -0.50 -0.04 0.0 0.0 0.0 0.0 0.0
67 0CZ..ZCC -0 .2 2 0.02 0.07 0.07 0.09 -0.04 -0.43 0.13 -0.48 -0.93 0.0 0.0 0.0 0.0 0.0
68 OCC..zee -0.2B -0.08 -0.36 -0.07 -0.28 -0.19 0.14 -0.17 0.24 0.02 0.0 0.0 0.0 0.0 0.0
69 MAu.TORS 0.0 0.0 0.0 0.0 0.0 , 0.0 0.0 0.0 0.0 0.0 0.02 0.07 0.25 6.59 -7.85
70 K.XK.WAC C.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.39 -0.27 -3.83 -7.99 -5.58








1. M, Davies, Infrared Spectroscopy and Molecular Struc­
ture, Elsevier Publishing Company, Hex* York, 1963.
2. H. C. Urey and C, A, Bradley, Phys, Rev., 38. 1969 
(1931 ).
3. J. H. Schachtschneider, Vibrational Analysis of Poly­
atomic Molecules. V, Technical Report Ho, 231-64, Shell 
Development Company, hneryville, California, 196k,
4. E, B, Wilson, J. C. Decius, and P. C. Cross, Molecular
Vibrations, McGraw-Hill, 19£k.
£. E. 3, Wilson, J. Chen. Phys., X* 101,1.7(1939); 9, 76
(1911-1 ).
6, J. C, Decius, J, Chem, rhys., 16. 1025(1948).
7, R, M. Badger and L. R, Zumwalt, J. Chem. Phys., 6, 711
(1938).
8, P. A. Cotton, Chemical Applications of Group Theory. 
Wiley-Interscience, Hew York, 1963.
9, G. Herzberg, Infrared and Raman Spectra of Polyatomic 
Molecules, Van ilostrand Company, Inc., Princeton, W. J.,
1 945.
10. C. E. Sun, R. G, Parr, and B. L. Crawford, Jr., J. Chem. 
Phys., 12, 8k0(19l|-9).
11. T. Shimanouchi, J. Chem. Phys., XZ» 245(1949); 1X» 734 
(1949); 1X> 848(1949).
12. R. L. Redington and A. L. IC. Aljibury, J. Mol. Spectry,
3X, 494(1971).
13. G. A. Segal, Ft. E, Burns, and V/. B. Person, J. Chem.
Phys., £o, 3811(1969).
1l|.. I, W. Levin, and T. P. Lewis, J, Chem. Phys., £2, 
1608(1970).
15. J. FI. Schachtscloneider and Ft. G. Snyder, Spectrochim, 
Acta, 19, 117(1963).
16. D. E. Mann, T. Shimanouehi, J. H. Heal, and L. Fano,
J. Chem. Phys., 2£, if-3(1 957).
17. Fv. Hakamoto, Infrared Spectra of Inorganic and Co­
ordination Compounds, Uiley-Interscience, Hew York,
1 970.
18. J. Overend and J. It. Scherer, J. Chem. Phys,, 2 2 , 1289 
(1960).
19. D. Steele, Theory of Vibrational Spectroscopy. VJ. 3. 
Saunders Company, Philadelphia, 1971.
20. P. Cossee and J, II. Schachtschneider, J. Chem, Phys., 
hk* 97(i966).
21. L. Pierce and L, C, Krisher, J. Chem. Phys,, 22.* 87!?
(1959).
22. R, C. Weast, Ed., Handbook of Chemistry and Physics,
50 Edition, The Chemical Rubber Company, Cleveland, 
uhio, 197C.
23. Y. Morino, K. Kuchitso, and T. Shimanouehi, J. Chem. 
Phys., 20, 726(1952).
2b_. T. Shimanouehi, I. llakagawa, J. Hiraishi, and M.
Ishii, J. Mol. Spect., 1^, 78(1966).
25. R. W. Kilb, C. G, Lin, and E. B. Wilson, J. Chem. 
Phys., 26, 1695(19^7).
26. K, H. Sinnott, J. Chem. Phys., 34. 851(1961).
27. L, G. Krisher, J. Chem. Phys., SQ, 1237(1960).
28. R. C, Woods III, Ph.D. Thesis, Harvard University
(1965); J. Chem. Phys., ^6, 4789 ( 1 967).
29. A. H. Schwendeman, Ph.D. Thesis, University of 
Michigan, (1956); Diss. Abs., 1 3. 16450 956).
30. G. A. Boulet, Ph.D. Thesis, University of Michigan,
(1 961|.); Diss. Abs., 2£, 3283(196)1).
31. J. H, Shoolery, R, G, Shulman, W. P. Sheehan, Jr.,
V. Schomalcer, and D. M. Yost, J. Chem. Phys., 19.
1 36ii.(1 951 ).
32. C. V. Berney, and A. D. Cormier, Spectrochim Acta, 
to be published.
3 3. J. Overend, R. A. Hyquist, J, G. Evans, and W, J. 
Potts, Spectrochim Acta, V£, 1205(1961 ).
34. L. G. Hall, and J. Overend, Spectrochim Acta, 23A .
2535(1967).
35. A. J. Capwell, Jr., J. Chem. Phys., ^9, 1436(1968).
36. G. V. Berney, Spectrochim Acta, 25A, 7930 969).
37. C. V. Berney, Spectrochim Acta, 27A. 663(1971 ).
38. C. V, Berney, Spectrochim Acta, 20, 1 437 (1964).
39. G. B. Moore, and G, G. Pimentel, J, Chem. Phys., 4 0 . 
1529(1961].).
40. J, A. Devore, and H. E. O ’Heal, J. Phys. Chem., 73.
26114(1969).
lj.1 , E. J. Jacob, H. 3. Thompson, and L, 3. Bartell, J. of
Chem. Phys., 1&, 3736(1967). 
lj.2. P. v. d, Schleyer, J. E. V/illiams, and K. d.
Blanchard, J, Amer. Chem. Soc,, 92, 2377(1970). 
ij.3. N, L, Allinger, M. T. Tribble, M. A. Killer, and D. H.
V/ertz, J, Amer. Chem, Soc., 92.» 1637(1971 ).
['A. K. Bixson, and 8, Lifson, Tetrahedron, 2J_, 769(1967).
[|_5. A. 3. Wiberg, J. Amer. Chem. Soc. , 82, 1070(1965).
I|.6. d. II, Boyd, S, N, Sanwal, 8. Shary-Tehrany, and h.
KcNally, J. Phys. Chem., XL, 126)-i.(1971 ).
1|_7. d. H. Boyd, J. Chem. Phys., 1^ 9, 257^(1968).
[[.8, 8. Chang, £>. Mcllally, S. Shary-Tehrany, 8. M, J.
Hickey, d, H. Boyd, J, Amer. Chem. 3oc., 92, 3109 
(1970).
1[,9. L. B. Kier, J, of I-Ied. Chem., 11, A|l|.1 (1968),
